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PREFACE. 



Ik adding a treatise on the Management of Marine 
Engines to Mr. Weale's Series of Eudimentary Works, 
the Author trusts that it may prove a useful auxiliary to 
the various classes of practical men interested in the per- 
formance of our Steam Marine, whether in the Eoyal 
Navy or Merchant Service. Desirous of being under- 
stood alike by the non-professional man of business, who 
from his desk in the city controls the operations of a fleet 
of steam ships, as by the humblest assistant in the duties 
of the engine-room, he has endeavoured to express himself 
in as concise and matter-of-fact a manner as possible, avoid- 
ing as far as may be the use of technical language and 
mathematical demonstration, without attempting, at the 
same time, to render the text intelligible to the wholly 
uninitiated, by perplexing it with notes and explanations 
which ought to suggest themselves to every one acquainted 
with the rudiments of mechanical science. Some very es- 
sential Tables of the details of Engines and Vessels are 
added in the Appendix ; and such technical terms as do 
necessarily occur will be found explained in the Glossary 
at the end, and several corrections made in this second 
Edition. 

March 10/A, 1852. 
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CHAPTBE L 

GEZTBBAti DESCBIPTIOSr ASTD TABISTIEB OP THE MABZITB 

A previoua Acquaintance with the Principlee of the Steam 
Engine presupposed. — ^As this little work professes to be a 
gaide to the management of marine engines and steam 
vessels, and not a treatise on the steam engine, it will be 
necessary to presuppose a certain degree of knowledge of 
the &cts and mechanical principles on which the structure 
and operation of steam engines depend. • In short, to take 
it for granted that the reader has perused either Dr. 
Lardner's Eudimentary Treatise, in this series,* or some 
other work on the same subject. This being understood, 
we shall proceed at once to the consideration of the marine 
engine of the present day, as it is found in vessels of the 
Boyal navy and merchant service. 

General Description of the Marine Engine, — The princi- 
ples upon which the marine engine is constructed, as well 
as its general plan of operation, are identical with those of 
the stationary or land condensing engine i the motive power 

*■ Rudimentary Treatise on the Steam Engine, by D. Lardner, LL.D. 
John Weale, i». 
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2 GEITBEAX BESCBIPTIOK AJSTD 

in both being deriyed from the pressure of the steam acting 
against a partial vacuum. Thus we have in each case a 
bailer to generate the steam ; a cylinder, piston, and valves 
to use it ; a condenser in which to condense it, and thereby 
gain the pressure of the atmosphere by causing the steam 
to work against a vacuum ; and lastly, an air puny^ to with- 
draw the condensing water, the condensed steam, and the 
uncondensed vapour, and gaseous matter. Such are the 
principsd parts of every condensing or "low-pressure** 
steam engine, whether it be used on land or at sea ; whether 
it be side-lever, direct-acting, oscillating, horizontal, or 
rotatory. 

Varieties of Form, — ^The terms last used are those em- 
ployed to designate different forms of the marine engine 
which have been imposed upon it by wants and necessities 
of various kinds. For as the services which steam vessels 
are called upon to perform are very different^ so also must 
be their machinery, in order to suit the required form and 
displacement of the huU, the minimum draught of water, 
the comparative value of stowage, or of passenger accom- 
modation* the necessity of protection from shot, the effi- 
ciency of the armament, and a hundred other considerations 
which may enter into the plans of a steamer. 

In all marine engines the required object is to give a ro- 
tatory motion to. a horizontal shaft — either the paddle shafb 
in the case of paddle-wheel steamers, or the screw shaft in 
the case of vessels propelled by the screw. The eaiiiest 
form of engine used for this purpose was the side-lever, or 
beam engine, in which the reciprocating motion of the 
piston rod is transferred through upright side rods and 
horizontal side levers to the connecting rod, which then 
gives the shaft its cpntinttous rotatory motion by means of 
the crank. 

The Fly Wheel mt appticaUe.—JS such an engine were 



used to drive macliineTy on Bhore it would be fomiBlied with 
a fly wbeeli wbicb) by becoming a reeerFoir of momentum^ 
would supply power to continue the rotatory motion 
past the top and bottom of the stroke, where the crank is 
evidently (fi»m its nature) powerless, and in this way % 
nniform speed would be maintained throughout each revo* 
lation of the shaft. But in the case of a vessel at se% 
the fly wheel is inadmissible. Considerable irregularity 
iu the revolutions results from this want, but not to such 
au extent as to be attended with any bad results. In some 
engines where the moving parts are not arranged so as to 
balance each other in their ascent and descent, one part 
of the stroke is made at a greater velocity, but this is 
generally obviated by admitting a greater quantity of 
steam on one side of the piston than on the other, until 
the propelling power for the up and down strokes accords 
with the resistance. The air-pump bucket is generally 
arranged in such a manner, that by its ascent it may 
balance the weight of the piston in the cylinder in its 
descent. 

Necessity for combining the Engines. — Hence arises the 
necessity for supplying the place of the fly wheel by com- 
bining two engines on one shaft, in such a manner that 
when the one engine is at its least effective point (at the 
top or bottom of the stroke) the other engine may be most 
eflective— each alternately helping the other over its diffi* 
culties. 

Single Engines sometimes emphyed, — ^Biver steamers, how- 
ever, are occasionally fitted with only one engine, the 
moving parts of which are '' balanced" (by means of a cast- 
iron paddle board, or otherwise) in such a manner as may 
best assist the crank in passing the centres ; but such an 
arrangement is always objectionable from the difficulty 
experienced in starting, and from the impossibility of pre- 

B 2 



4 GEinSSAX DESCBIPTIOK AND 

Tenting a disagreeable jumping motion in tHe vessel from 
the unequal speed at which the paddle wheels are driven* 

High-pressure Engines rarely used. — ^High-pressure en- 
gines are very rarely put into steamers in tiiis country, the 
objections to their use being their increased consumption 
of fuel in comparison with condensing engines, and the 
presumed danger to passengers arising firom explosion or 
escape of steam, which has made them extremely unpopular. 
As they possess, however, the countervailing advantages of 
cheapness and lightness, they have been adopted in some 
eases where economy of fuel is not so much considered as 
first cost and light draught of water* While referring 
hereafter to the marine engine, it should be understood 
that the condensing engine alone is meant. 

Side-lever Engine — its Advantages, — It has been said thai 
the side-lev^r engine was the first employed in steam boats. 
This construction, with the arrangement of which the reader 
is doubtless familiar, has several advantages which enabled 
it for a long while to resist innovation* Perhaps its chief 
merit consists in this, that the weights of the moving parts 
are so balanced, the one gainst the other, that the piston 
when not acted on by steam is nearly in equUibrio, and 
equidly ready to start in either direction with the smallest 
application of force. The great length of the connecting 
rod, also, admits of the motion of the piston being trans- 
mitted to the crank in the most equable and effective 
manner, and the moving parts of the engine are supposed 
to do their work with less friction ahd wear than are to be 
met with in any other kind of engine. It can hardly be 
wondered at, therefore, that the side-lever engine was long 
a favourite, and indeed that it still continues to be so in 
certain cases, and under certain conditions. An example 
of a side-lever engine is given in Plate 1, 
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* For examples, see Tredgold on the Steam Eng;iney new edition, 
Division B, Marine^ John Weale* 
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JHaadvantagea of the Side-lever Engine, — There are two 
very important conditions, however, in the economy of a 
Bea-going steamer which the side-lever engine doea not fulfil 
— namely, lightness of weight, and compactness of form. 
As these properties were found to be most essential in the 
machinery of a war steamer, it soon became apparent that 
some other arrangement of parts must be adopted which 
would admit of the same power being stowed in less com- 
pass, and a portion of the weight of the machinery saved 
for additional coals, or stores, or armament. 

Adoption of the Dtreet-aeting ^gine. — ^Hence the adapta- 
tion and general use of direct-acting engines in the Eoyal 
Navy, by which means (in conjunction with the adoption of 
tubular boilers) the length of the engine room was di- 
minished by about one third, and the total weight of 
machinery by two fiffchs. It may be observed here, that the 
weight usually allowed for side-lever engines, flue boilers 
with water, aad paddle wheels, is one ton per horse power ; 
whilst direct-acting engines with tubular boilers and wat^r, 
paddle wheels, &c., scarcely exceed 12 cwt. per horse power. 
The distinguishing feature of all direct-acting engines eon- 
sists in the connecting rod being led at once from the head 
of the piston rod to the crank without the intervention of 
side levers : and as it happens (unfortunately, we think) 
that this kind of engine is capable of almost endless variety, 
each manufacturing engineer has introduced his own child 
into the steam navy, where scarcely two pairs of direct* 
acting engines are to be found alike* 

Varieties of the Direct-acting Engine, — ^These may be alJ 
classed under three heads ; namely, those which obtain the 
parallelism of the piston rod by means of the system of 
jointed rods called a "parallel motion;" those which use 
guides or sliding surfaces for this purpose ; and those de- 
nominated *' oscillating engines/' in which the cylinder is 
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hung upon pivots and follows the oscillations of the crank. 
Belonging to the first class are those of Seaward, Bennie, 
Fairbaimy Forrester: and to the second class, Maudslaj, 
MiUer, Fawcett, Bonlton and Watt, Bury, Bobert Napier, 
Joyce, &c. As these yarious arrangements cannot be ren- 
dered intelligible in words, sketches of some of the most 
characteristic are subjoined, in Plates 2, 8, 4, 6, 6, and 7. 

PLATE II. 




Dtreet-aeiinj^ Engint, at cofuirueied by Mbsbrs. Seaward, 
Capbl & Co.* 



* See pages 8 and 9 ; and for foil details of the enginea of the Cyelopt 
see the Appendices to Tredgold. John Weale. 
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PLATE III. 



Jhrtet^Aeting Snfitne^ifbOO H. P. of H. M. & BaU.Dog, eoruttm^siiMl 
by Messrs. Rknkib. 
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PLATE IV. 
End Eiersii&n o/Enffintt of H. M. S. Cyclops. 




PLATE V. 

Eleeathn of Mttin-Iner qf Faraliel Motim qfH. M. S. Cyclops * 
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FLATS VIII. 

Marhu Sngine of the Rainbow Iron 8t§am Vettel, comtrueted 6y 
Mbss&s. Forrkstxr & Co.» lAverpooU Su Appendieet to Tredgold. 
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Shortness of Stroke a Defect. — The unavoidable shortness 
of the stroke and of the connecting rod in the majority of 
direct-acting engines is certaLnlj a defect, and becomes 
sensible in practice by the increased wear and tear of 
brasses and packings, and a greater consumption of tallow 
and oil when compared with the old side-lever engines. 
Several of the direct-acting varieties, it is true, are not ne- 
cessarily confined in the length of stroke — as, for instance, 
the ^^ steeple engine,'* which is such a favourite on the 
Clyde. 

Steeple Engine, — The latter derives its name from the 
high erection on deck required by the guide to the connect- 
ing rod, which works above the crank shaft, and can be 
recommended only in the case of river steamers where the 
increased height of the centre of gravity, and the increased 
surface exposed on deck to the action of the winds and the 
waves, are not so detrimental as would be the case in a sea- 
going steamer. See page 12, a successM example. She 
made, notwithstanding, very rapid passages between Lon- 
don and Antwerp. 

Bouhle'Cylinder Engine — Maudslay and IHeld's double- 
cylinder variety also makes a good engine, and may have a 
tolerably long stroke and connecting rod, but for small 
powers it is heavy and expensive. It also occupies more 
space in the engine room than several other kinds of direct- 
acting engines; but for very large powers, where the 
excessive diameter of a single cylinder may be considered 
objectionable, it appears to be most applicable, and has in- 
deed proved itself to be highly efficient. See Plate 9. . 
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PLATE IX. 




THrtet'Oeting DouhU'Cylinder Enf/ine as eonttrueled by 
Messrs. Mauoslay, Sons & Field.* 



* 8^ Tredgold on the Steam Engiae, new edition, Diyision B» Marine 
Engines. Jolm Weale. 
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Oscillating Engine. — Of all tlie direct kinds, howerer, 
the oscillating engine, which has derived from Mr. Penn 
80 much of its elegant simplicity and present perfection 
d w<Nrkmanship and arrangement, is generally preferred. 
It need hardly be explained that this engine deriyes its 
name from the fact of the cylinders *' oscillating'* upon 
hollow axes or '' trunnions/' through which the steam is ad- 
mitted to, and withdrawn from, the valves — ^the piston rod 
by this means accommodating itself to the motion of the 
crank without any '^ paralld motion" being required. This 
constaruction has now Been proved as applicable to ocean 
steamers as to the small boats on the Thames, where it has 
long been a favourite; and it appears to be also well 
adapted for driving the screw propeller. See Plate 10. 



PLATE X. 




(Ueillatmg Engine oi conttructed by Messrs. John Finn & Son.* 

* See Tredgold on the Steam Engine, new edition, DiYxdon B, Marine 
Eogiaet. John Weale. 
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Maehinefy for Propulsion by the Screw. — ^The introduction 
of the new mode of propulsion by the screw has created the 
necessity for new modifications of the marine engine ; and 
as it is essential for the due performance of the screw pro- 
peller that it should reyolve with a considerable yelocily, it 
has been deemed necessary to employ gearing or straps, in 
many instances, to multiply the speed of the engines. The 
use of toothed gearing being objectionable, however, in sea- 
going vessels, from the liability of the teeth to be stripped 
or deranged by sudden shocks received by the screw in a 
rough sea, it is preferred to attach the engines directly to 
the screw shaft in all cases where the required speed of the 
screw renders this practicable. This can be readily accom-* 
plished when a great speed is not expected from the vessel, 
as in the case of auxiliary steam power ; or where a long 
pitch in the screw, and a moderately short stroke in the en- 
gine, permit the requisite nimiber of revolutions. For it 
is evident that the piston in an engine having a three-feet 
stroke will make twice the number of reciprocations per 
minute that it does in an engine with a six-feet stroke, sup- 
posing the actual speed of the piston to be the same in each 
case. Hence it is usual to subdivide the power of large 
screw engine? amongst a number of small cylinders, all at- 
tached dirjectly to the same screw shaft, and making short 
and frequent strokes. "Where gearing cannot be dispensed 
with, toothed wheels are preferable to straps. 

Internal Gearing* — With the view of affording additional 
security against accident, Mr. Eairbaim has introduced into 
a large pair of screw engines for the EoyalNavy a system of 
internal gearing, where the small pinion on the screw shaft 
is driven by teeth on the internal periphery of the driving 
wheel attached to the engine. The advantage of this plan 
consists in the greater number of teeth which are thus 
brought into gear at one time, so that the strain is divi- 
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ded amongst several, in place of being wlioUj transmitted 
tbrougli one tooth. 

Protection of the Machinery from an Enemy*e Shot, — So 
long as the paddle wheel continned to be the propelling 
agent, it was plainly finpossible to devise any means by 
which the machinery could be protected from an enemy's 
shot ; but the recent adoption of the screw propeller has 
facilitated this very desirable object to the navy. For as 
the screw itself revolyes entirely beneath the surface of the 
water, we are now enabled to place all the machinery which 
gives it motion under the watir line also, (in some cases, 
so much as six or eight feet,) by which means it gains a 
comparative though not perfect safety. It is well known that 
a shot will not penetrate more than a foot or two under 
the water imless it meet the surface at a high angle, but 
then the bottom of a vessel at sea must be often exposed, 
during both the rolling and pitching motion, to a position 
considerably beneath the level Water line, when an enemy's 
shot would have a fair mark at the machinery, although in 
smooth water it might be perfectly protected. The addi- 
tional securily, however, which such machinery does enjoy 
renders it a question of the utmost importance to dispose 
the engines and boilers of a screw-propelled vessel quite 
under the water line. Hence another plea for the practice 
of subdividing the power of large engines amongst a number 
"of small cylinders, these being ranged (generally in a hori- 
zontal position) on either side of the screw shaft, so as to 
require as little height as possible for the reciprocation of 
their moving parts. The boilers are also made as low 
as practicable, and if a steam chest be added, provision 
should be made for shutting it off from the rest of the 
boiler in case of injury, the steam being in that case drawn 
directly from the top of the main boiler. 
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DITJLILS OT THX HABINB ZKGIKE : THXIB PBOPOBtlOKS 
Aim 178X9. 

AiiTHOires it is not hei^ contemplated to supply rules 
and formulse fbr piopoitioning the marine engine, a few 
remarks are made upon such, proportions as the offixser in 
charge of the engines majshe able to alter or modify for 
himself if found necessary* 

Sietm Pip0t.--*The steam pipe jErom the bailer must not 
be too c(mtracted, otherwise the pressure of the steam upon 
,the piston moving in the cylinder is not kept up during 
its stroke, the steam being then what is called ** wire- 
drawn" in the pipes. The usual area allowed to the steam 
pipe is one square inch per horse power, biit this may 
.be increa8e4 with advantage in the case of small engines. 
It is of much importance that the pipes should have as 
.short ai^d direct a route as possible from the boiler to the 
engines, with few angular bends or changes of direction, 
as all such impediments act most injuriously by checking 
the supply of the steam. Where bends are unavoidablct, 
they should be made of as large a radius as conveziient* 
Much care must also be taken to prevent the losa of 
heat by radiation, and the consequent condensation of 
steam in the pipes, which should therefore be clothed with 
sheets of hair felt wrapped round with spun yam, the 
.whole being sewn np in canvas, and painted. Oopper is 
the only material which should be u^ed for steam pipes 
between the boiler ^d engine, as wrought-izon pipes gene- 
rate scales of rust which, becoming deiachedi are blown 
by the steam into the valves and cylinder, where they do 
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mucli miscliief bj 's^tchmg and cutting tbie suifiioes. 
Wlien a sfo^ght pipe fbrms tlie connection with the boiler, 
an expamrion or ^^£Awcett*' joint muit be pjrovided, bnt this 
mij be dispensed with when an elbow occun in the length 
of pipe. 

Tkroitle Fa^ve.— The throttle valve of a marine engine is 
always woi^ed bj hand^ and should be nsed only in contF<d-> 
ling the speed of the engines for any temporaiy purpose, 
such as in passing through a crowded river, before stopping 
at a pier, &c., but should seldom or never be used for work- 
ing the eng^es expansively at* a permanent reduction of 
speed. 

Expansion Ffl/ye.-^This latter object is effected by the 




expansion valve, which should be fitted to all sea-going 
steamersu It usually derives ite motion i£rom the crank 
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sluift of the engine, the valve spindle being connected bj a 
, eeries of rods and levers with a small brass pulley, which 
presses against the periphery of a graduated cam on the 
crank-shaft, by which means the steam is '* cut off" in 
the most advantageous manner at any required portion of 
the stroke. The valve employed is usually of the description 
called the ** Cornish double-beat," or "equilibrium valve," 
which has the advantage of being opened and shut with 




great facility,- since, from its construction, the pressure of 
the steam has no tendency to jam it against its seat — ^the 
objection to which all flat or plate valyes are subject. Also 
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bj a slight rise of this valve, a very large opening is obtained 
forthe steam. This will he best understood by reference to 
the annexed engraying. The principle on which this valve 
is constructed is, that if steam be conducted by a branch 
pipe into a larger perpendicular pipe between two common 
eonical valves placed in it, and connected together by a 
centre spindle or rod, and resting on their seats, it would 
exert; a pressure on the under side of the upper valve, tend* 
ing to raise it ; and on the upper side of the lower one, tend* 
ing to keep it down ; these two pressures in opposite direc- 
tions thus neutralizing each other. It is therefore evident 
that these two valves form one double-seated valve^ and may 
be opened in equilihrio^ by means of their spindle. The steam 
then passes up one pipe and down the other, and, if desired, 
these pipes may be again immediately united. By the pecu* 
liar arrangement of the seats and partitions, this is done inside 
the outer easing of the valve, as shown in the engraving. 

Stephensan^s Link Motion applied to give Expansion. — A 

modification of Stephenson's elegant and simple link motion 
fbr locomotives has been adapted to the marine engine, by 
^rhich means the length of stroke of the cylinder slide valvea 
may be varied at pleasure, so as themselves to act also as 
expansion valves ; but as their motion is derived firom an 
eccentric of the usual form, it has a different character 
from that produced by the cam in the former instance ; the 
admission and exclusion of the steam now taking place more 
gradually, and, as is generally admitted^ with less effect. 

To set the Slide Valves. — ^The manner of setting the cylin- 
der slide valves so that they shall admit and shut out the 
steam from the cylinder at the proper time, independently of 
the action of the expansion valves, is a matter of the greatest 
importance. The chief points to be attended to are these : 
Ist, that the steam shall be shut off a little before the end of 
the stroke, by closing the aperture of the steam port, which 
causes the piston to be brought gradually to rest without 
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jaarring the engine, mdependentlj of tEe advanlbage derived 
from expanding the steam ; 2nd, that the bduction port, or 
the passage to the condenser, should be closed before the 
end o£ the stroke, which is termed ^cushioning'* the piston^ 
becaose it then completes the stroke against an elastic mr 
euMton, in consequence of a portion of nncondensed vapour 
being shut up between the piston and the top or bottom of 
the cylinder; Brd, that the steam port on the same side of 
tiie piston should be opened a very little before the end of 
the stroke, so that the steam may have aoquired its full 
pressure's soon as the crtnk shall have turned the centre; 
and, 4th, that the communication with the condenser should 
also be opened on the opposite side of the piston a little 
before the end of the stroke, so as to have a vacuum ready 
x&ade in the cylinder before the return stroke begins. 

"Xqp" of the Fa/t?d.— Now, if the slide valves had simply 
to admit and shut off the steam at each instant that the 
piston jEurrived at the top and bottom of its stroke, the face 
of the valve would have exactly the sune depth as the aper- 
ture to be covered ; but that the steam may be cut off a 
little before these points, it is necessary that the valve &ces 
should be made deeper towards that side from which the 
steam comes, so that after closing the steam ports they may 
move past the aperture for a certain space at each end of 
the stroke. This space, which they lap over the valve seat* 
ing, is called the **lap'* or "cover" of the valve on the 
steam side. It is apparent that no lap is necessarily re-i 
quired on the exhaust side, because we want the communi- 
cation with the condenser to open before the end of the 
stroke. The general practice on this point is to make the 
edges of the valve faces flush with the edges of the cylinder: 
ports, when the valves are placed exactly in the middle of 
their stroke. The objection to lap on the eduction side is 
that the communication between the cylinder and the con- 
denser will be closed too early, and the effect termed cush- 
ioning wiU take place to an injurious extent. The uncon- 



densed tapour is eompreMed sometimeB ^ven to such ad) 
extent as to exceed in pressure the steam in the boiler, and 
an errofneons opinion has then been formed in examining 
the lead comer of an indicates diagram that the tbIyo has 
been set to open too soon. In these eases after due exami-- 
nation the coyer on the eduction ride should be cut off; 
Bj means of the letp, therefore, we are enabled to shut 
out the steam, and to open the passage to the condenser 
b^ore the end of the stroke. But it is also necessary that 
the port should open to steam on the opposite side before 
the commenc^ent of the return stroke. 

" Lead^* of the Fahe, — Steam is admitted to act upon thej 
piston before it has quite completed its stroke, by giving 
the yalve a motion in adrance of the crank. The extent to 
which the port may be open for the admission of steami 
when the engine is on its top or bottom centre, is y&ried 
much^ but an aJlowance of one square inch of opening to 
eveiy sixteen horses' nominal power, will be found to giye 
good results. In all engines where the yelocity of thet 
piston is greater, the lead may be increased beyond this^ 
extent with adyantage. With common slide yalyes driyen^ 
by an eccentric great breadth of port is eyidentiy desirable^ 
as a slight motion of the yalye then giyes at once a greaten 
area of opening.. 

Reversing the Engines, — ^If marine engines were required 
to work only in one direction, the eccentric pulley might 
then be permanently fixed on the paddle shaft, (as it is on 
the fly shaft of a land engine,) in the most adyantageous 
position for lead, &c. ; but as a steamer must be equally ca- 
pable of reyersing the motion of the wheels, such an ar- 
nngement becomes unsuitable. For let us suppose that 
the engine has been stopped at half stroke in the usual 
^ay. by throwing the eccentric out of gear and shutting off 
the steam, and that steam has been admitted by hand to 
the oppofflte side of the piston, the shaft will then com- 
mence reyolying in the opposite direction. But it is eyi- 
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dent tliat before the engine can be tbus put into the proper 
position for enabling the eccentric to continue the reversing 
motion, the shaft must be tree to rotate backwards within 
the eccentric pulley through half a revolution. Hence a 
necessity arises for placing the eccentric pulley loose upon 
the paddle shaft, the latter being fitted with a " stop " or 
" snug," with which another " stop ** cast on the pulley comes 
into contact after half a revolution in either direction, and thus 
communicates motion to the valves with perfect indifference 
as to which end of the eccentric stop may be in contact. 

Expanding hy Means of the Lap on the Slide Valves, — ^It is 
apparent that the lap of the slide valve presents a simple 
method of working the steam expansively to a small though 
definite extent, which is then fixed beyond the power of 
alteration until the valves are reset. The amount of ex- 
pansion which can be thus given, is limited by the effect 
produced upon the eduction port as before mentioned. It 
is, however, objectionable to carry expansion by this means 
to the fuU extent to which it is practicable, &om the fact 
that when the vessel is placed in the most difficult cir- 
cumstances, struggling off a lee shore, with the speed of 
herengines reduced by a head wind, so that there is an 
abundant supply of steam, there are then no means of com- 
pletely filling the cylinders, and the full amount of power 
capable of being generated cannot be realized. The most 
beneficial practice therefore, when the common slide valves 
are used, is to have only a small amount of lap, so that it 
may be possible to obtain the utmost power that the engines 
are capable of exerting at such times as it may be essential, 
and to have an additional valve for regulating the amount 
of expansion to such extent as may be desired. The latter 
system is in accordance with the growing intelligence of 
those now generally entrusted with the working of marine 
steam engines. An excessive and wasteful expenditure of 
steam under circumstances when a corresponding result 
cannot be obtained from it need not be feared with a good 
superintending engineer on board, as so much interest has 



of Into been excited not onlj amongst those parties, but also 
amongst eozamaading officers, on this most important point* 

Bbw^thrwjih Fake, — Before the engines can be started 
it is necessary that the air should first be expelled from the 
cylinder, condenser, and air pump, and its place supplied 
by steam, in qrder that we may obtain a vacuum by its 
subsequent condensation. Hence a valve, called from its 
office the " piow-through valve," is provided to open a 
temporary communication between the steam in the valve 
casing and the condenser, by which means a rush of steam 
is caused to pass through the internal parts of the engine. 
This operation is continued until the steam begins to issue, 
hot and transparent, from another valve on the condenser, 
called the ** Snifbiug valve,'* situated at the opposite point 
from where the steam entered. These valves are of course 
dosed 9S soon as the engine is set to work. 

Clothing the Cylinders, ^c.-^As it is of much importance 
that the internal heat of the cylinders and valve casings 
should be preserved from radiation (especially when high 
Bteam is used expansively) these must be carefully clothed 
with felt and dry timber, bound round with metal hoops. 

Clearance of the Piston, — ^The "clearance " of the piston 
at the top and bottom of the stroke should be just as little 
as is consistent with safety, and is usually made from one 
bdf-inch to five eighths or three fourths of an inch. 

Primhig Falves.*^'^ Escape" or '* Priming valves" are now 
genen^y fitted to the top and bottom of the cylinder, to 
permit the escape of water without danger to the machinery 
from the shock of the piston against the incompressible 
fiuid. Thia water collects partly from the condensation of 
steam within the cylinder, but is chiefly carried over from 
the boiler, eitlu^r as "priming," or in a state of mechanical 
suspension with the steam. It may also overflow througlji^ 
the vahres .from.. the condenser, Th^se valves should b0 ' 

C 
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fitted with faoods to eany off the ejected water into the 
Ulge, and prerent its being thrown about ih» engine room. 

f aching far the Pt»/«i.— Metallic packing is now mriveiv 
aally employed fbr the pistons of marine engines, this being 
made in the fonn of cast-iron rings, ^ther possessed (^m 
their construction) of elasticity in themselreB, or denying 
it from steel spriogj placed behind them. The Gaat-u>on 
ringSi tmlbrtnnately, lose thm elasticity after bdng some 
time in use, in which case they must be taken out, and have 
this restored by hammering and thereby elongating their 
internal surC&ce ; or else steel springs must be added to 
press them out against the cylinder, when th^ are cut into 
segments to allow the springs greater freedom of action. 
The piston is lubricated with melted tallow through a 
grease cock on the cylinder cover, advantage being taken 
of the vacuum during the up-stroke. to suck in the tallow. 
The grease-cock apeirture also serves for applying the 
*' Indicator '' during the stroke above the piston. 

Condenser. — ^The eondenser should have a capacity of 
half the cylinder as a minimum^ but may be made larger 
with advantage. The size should depend, to a certain e2±ent, 
Mpon the temperature or density of the steam used» as plenty 
4}f room should be allowed for high steam to expand into 
low-pressure steam before being condensed, if this has not 
been previouai^ efil^ted by expansion wii^ the cylinder* 

Ir^eeium Vdve^-^ThB area of the injeetion valve ahquld 
be about one square inch for every ten-horse power* This 
is an ample allowance in all eases, and is more than necea- 
vary when tiie injection water has a temperature of 52^ 
I'ahr. (which is the average for our seas), though in trof^csi 
etimates it will not be found too much. The average tem- 
"perature of the Medxfcenanean ia about GSt"^; at 20^ of 
latitude, about 75^: and at the equator, about 62P, Fahren- 
heit^ The supply majr be regulated at will by the Ofiening 
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giyen totlie iralr^ as shown om m index {date. Kri& %ei^be» 
ia the case of Iftrge enginfis to hanre ti^a injectioft eodw 
fitted betweeft t&e sea^ and! eaeik oondemezh^rona, tiw «e« 
coekf close to the site of the isesse!, as a secimtj^ io «fl«9 
of injuiy to tbe mtemal pipe^ aacbthe other upon! tib&coa** 
denser. Best(ete» these, it is usual to h«m an injeotiontpipQ 
fed f^pom the bilge of the vessel so tiuii in;cs8ef of unvBual 
leakage the sea oo^ ma^r he closed, and ihe engme 8iipf< 
plied with injeetion £rom thk source* The mouth of tfak 
pipe should be carefully guarded and kept dean, as id^esk 
the emergency arrives for its use it has too often been 
Ibund choked up and nnserviceablok 

Tm^wature of ike Candtnsisr.'^Tbe proeessof oondensar^ 
tion wis be the more complete ia proportion: i» the»coldf 
ness and quantity (d the injeotiojt watery the maimer in 
which it is brought into contact with the steam, and the 
temperattire of the steam itself on^ entering ihe condenser. 
The result;mg temperotore which is usufdly aimed at by> 
engineers for the condenser is from 90^ to 110^; The limit 
to a mpre perfect degree of condensation is imposed by th& 
increased mze of the air pump reguized to withdsanr the 
additional injection water, which diminishes the work and^ 
mcreasesthe cost of the engine* Hence the engineer ia 
well satisfied if the temperature of the condenser be mat 
above 110^, with whigh a vacuum of 27i or 28 inches of 
mereury ia obtained by a good engine* 

Ebutmty af Wutery Vupcmr a#- diffkrent Temperatnt^ei.'^ 
According to Drv lire's experiments, UDjCondensed watery^ 
vapour at a temperature of 100^ foahmcesi 1*86 incb of 
mercury ; at l¥P, 2'4& inches; a1^120^, 8*8 inches; at 180^, 
4-366 iinehes; at 140^, 5*77 inches:; and at 15GP, ?«£d:infihe» 
of mereury, orexerts aprsssure of 8ipoundsper a^uareiuch. 

Flaw of ^ ImjetHm Il^al8f%*-13ie Teleeity at wiiieh 
isjeeti^i water enters the condenser- varies^ iaji^the^ ejuara 

oa 
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root of the pressure, and ttrffl be about 4Q feet per second fiir 
the full pressure of the atmosphere against a pure vaouuixi. 
The ^ injection should be taken from about mid-way -be- 
tween the surface of the water and the bottom of the Tedsel, 
80 as neii^er to draw impurities from the sur&ce, nor be 
liable to become choked with sand or mud from the bottom, 
when working in shallow water, or when the vess^ is 
aground. In many of the latter cases, the engines hare been 
rendered useless at the time when most needed, by sand 
being sucked in and destroying the action of the air pump. 

Barometer Gauge. — A barometer gauge is attached to the 
condenser to show the vacuum. It is usually constructed 
Uke a common barometei^, except that the top of the glass 
tube communicates through a small pipe and cock with the 
interior of tlie condenser, the partial vacuum of which then 
takes the place of the Torricellian vacuum of the ordinary 
barometer. The surface of the column of mercury in this 
case indicates the difference which exists between the pres- 
sure of the atmosphere and the pressure in the condenser, 
so that if we see a column of 27 inches of mercury sup- 
ported in the tube, and the pressure of the atmosphere at 
that time be 80 inches of mercury, we know that there is 
a pressure of three inches of mercury, or 1\ lb. on the 
square inch within the condenser. 

Sources of Error. — ^As we find by the common barometer 
that the pressure of the atmosphere is constantly varying, 
a correction shoidd be made for this in estimatii^ the va- 
cuum of the condenser. Another source of error arises 
from the varying level of the mercury in the <^>en cup 
which supplies the gauge tube, according as the tube be- 
comes more or less filled ; since it is evident that only that 
portion of the column which rises above the surface e( the 
mercury in the cup can be reckoned as the counterpoise to 
the atmospheiife. ' The simplest manner of ottefnaiiHff the kst- 
mentioned source of enor is to make the st|t&ee of mer-. 
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CU17 in the iCBp very laige izi comparison with tlie boi!0 of 
the tube. As tbe baiometer gauge is Yexj often found to 
sbow incorxect results (either through ignorance or design 
on the p^rt of the foreman who saw it fitted) it would be 
well if evenly commander of a steam vessel satis^ed him* 
self of its accuracj, before giring credence to such wonders 
about vaeaum as are sometimes published to the world. 
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Jmproved Barometer for the Condenser, — Subjoined is a 
sketch of -an improved barometer for the condenser, which 
has been ixiei and found usefuL A glass syphon tube, 
a a, 34 or 35 inches long, is half filled with mercury; one 
end at 6 being left open to the atmosphere,, which is ad- 
mitted through a very small aperture to exclude the 
dust. A sliding brass scale, graduated from at the bottom 
to 30 , inches jat the top, is fitted in e>=x 

the spaoe between the two legs of o^'^''"|*=" yd|ffj~r3' 
theinyerted syphon.. When required r^ ^coH&tNsta 

to show the vacuum, the zero point 
of the scale must be shifted to where 
the mercury falls in the leg open to 
the atmosphere, and the height of 
the mercury in the other leg being 
then read off from the scale, the exact 
dijaference of height between the two 
columns is thus obtained. This baro- 
meter posesses also the advantage 
that. the mercury cannot be blown 
out.by a slight pressure of steam in 
ti^Q,. cQxxii&n^ .(*^- is. the 'ca§e with 
the common barometer), which ad- 
mits of its being kept in constant 
u»e>4W > guide to ^e engineers in 
sto^^g a^d .stalling their, engines 
ia imy tim^v of difl^ulty. The ay- 
,ph<3n^ ,may- be >made„ if pyeifprxed, by uniting two , straight 
glass tubes in a short pie<?eof »?®^*ipQftI?P^*r i : 0^ :- ^ 
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AfUk urkinff J^&m the lhe»»f^Sea Waisf far CmuknsaHmk 
^^Th»ii8e«f «6atmtor ftriMmdemng|]iie«to&m.aiid sabp 
8«ia0ntly feediDg flie Mlers, ^enliafla tipon mmme engijset 
the neoMsitj for cJedliBgy^or <^4)lomQg off" « pcHnon 6f ^ 
Mturated ^trates, «t int«nral% into tbe sea, toprev^mit tlie 
d^ositioii «)f «eale and aalt^ aad oaates ihe loss of a oon- 
BidesaUeqiiaiiiity of oalorio. The specific grayity of the sslt 
water in the boiler, taken at a medium degree of saturation, 
is about tniei-tratfa part .greater than that df fteeh water; 
and as the capacity of &e water spaces reqaires to be in- 
created to aHow for deanSng, as weQias for the tD«re ready 
escape «f the steam tiiroi^ the densw fluid, we vaUf add 
about muB Aflh te the «xtra sleight of stdt water in the 
boiler as oompaied wiA fbesh, taking into account the 
portion vAddk ia blown off* When we Ccnaider also the 
very rapid wear of boiless iasing salt watsr^ it is at cnce ap> 
parent that an eftcnent means of vuppljjring them with Aesh 
water at «ea is one of the .gveate&t desiderata ia marine 
engineering* 

Surface OtmdeMation aifempied.-^yfj'itli this tiew, manj 
attempts have been made to ^sonfdense the steam by con- 
tact with cold metallic surfaeee, instead ^ef kf the plan of 
injecting amongst tit a latge body of salt water &om the i»a. 
Could this be done effeetiyely, the boiler might then be fed» 
during the whole voyage, with the tf^ water which it had 
at starting; the same water, after eirculaiting ^(S»mgfa the 
cylinder as steam^ behig condensed without interaodxtiEre 
with other water in the condenser, and then returned to the 
boiler to be again formed into -irtieam, bong thvn k»pi m a 
continuous round of action* 

Surface O&HdeHsaiumr found to ie J&MS^^fie.-^Bnt, onfor- 
tunately, the principle of svr&ce condensation has hitherto 
always proved inefficient. The difficulty hasjgeaenally been 
to present a fsi^dentiy large cooling surEeK^e to 4ho steaiai 
so as to prodnee axapid oondensatioiu 



SmWs CoHdenHr9.-^Tlm cannot be iirged a^nst HaU'a 
Cokdensen, liowever^ in wbioh the 8te»m is passed through 
«um j mSes «f iittie cQ|>p6r pipes eneloa^ in a cist^m of 
oold w«ler^ whidi in constantly renewed from the s^a b j 
MeaoMi •f sforoe {Hunp worked bj tb^^ enginoy but ixx this 
case the small pipes through which the steam is passed ar? 
liable to become "furred** on the outside, or choked up al« 
together by ^eposfts fitom the se* wot^ir. Besides this» the 
adifitioiuil machinery required ^dds so much to the expense 
and intricacy of the engine, ba well m to its weight and the 
spaoe it ocoHpies in the vessel, tibat this condensing apparv 
tus has not been foukid applicable in practice^ In auch an 
arrangement tbeioss .of steam arising from leakage^ or {fom 
blowing off at the valves, is compensated to the boiler by 
the use of a small apparatus for distilling sea water. The 
air pnibp ii tihen, ef course^ mueh reduoed in si^e^ as it has 
no iigection wat^ to remove* 

Jir Ptimp.^33ie oapacity of the air pump is usually pro- 
portioned to the cylinder as 1:6, or thereabouts ; and the 
ddivery valve has an ai^a of one third of the air pump, 
thoBgh the orifice through the ship side £br the eaci^ of 
water bom the hot well need not be midre than one sixthof 
the area of the air pump, when the latter is single-acting, 
in lax^ engines, a sluice valve is usually fitted inside the 
vessel across the mouth of ike discharge pipe at the ship 
side, which being elosed by hand when the engines are not 
worldng prevents the wash of the sea fronk entering ih& 
hotwelL 

* Feed J^ni^.— ^The feed pumps supply to the boiler so 
much of the Water which has been used in condensing the 
steam as will restore the waste firom evaporation and blow- 
ing^off, and each of the two feed p^mps which are usually 
fitted up is made sufficiently hu^e to supply all the boilers in 
case of accident to the other pump, or to its feedpipes^ Ihe 
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necessary quantity to be admitted to the boiler is jiidgeS of 
by observing tHe level in the glass water g&iige, and is Fegtt- 
lated by hand= by jneand of thd feed coek on eaefa boilei^-^-^ 
the surplus water, which ia rejected by the boilor, being 
expelled into the sea by the feed pump through a loaded 
escape valve* 

Bi!.^e Pumps. — Bilge pumps are fitted to marine engineft 
sis a security to the ship in ease of extraordinary leakage, as 
well as to save the work of the crew in pumping the hold 
^ry. The bilge pipes should be made of lead, which aufife^lft 
•less corrosion than copper from the acidulous bilge water ^ 
wooden ships, and care must be taken that they do not ge^ 
choked with filth. 

< Hand Pun^ connected wHk the Enfftnes.^^A hand pump 
must also be fitted for the purpose of feeding the l^oilers 
while the engines are at rest and the steam blowing off. 
This is ma^e -capable of being eohne^ed to and drivei^' by 
^he engines, so as either to assist in feeding the botki^ if 
necessary ; to act as a fire engine in^ case of need ; or ^^ the 
every*day duty of washing decks. It should also besaiuN 
ranged l^at it may draw either from the sea or tite bilge* 

Hand Pump drhen by a Supplementary Engine. — In the 
case of vessela with tubular boilersthiapumpusuallyreeehres 
its motion from a small high'-pressure engine (teehnicalfy 
known as **the donkey") whieh works by the pressure <^ 
steam in the large boilers. Such a provision becomes no^ 
cessary on account of the rapid evaporation of tubular 
boilers in comparison with their confined area at the wHter 
level ; but in the case of flue boikrs, where the water bui^ 
£ice is eomparativdiy larger, asid danger from the water 
level falling too low during a temporary stoppage is there^ 
fore diminished; this pump is generally worked by hand 
tonly. 
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CHAPTER in. 

m MABIKE BOILISB: ITS GXimitAL PROPOKTIOKS, AlO) 
THB PBIKCIPLES OOKCXBl^EB IV ITS OPBBi.TIOV. 

The Marine Boiler^ — The Marine Bofler differs from one 
on shore ia this essential particular^ that, in the former, the 
fire and flues are wholly contained within the boiler itself, 
and are surrounded with water in eveiy direction, — such 
an arrangement being rendered necessary as a precaution 
against fire. There are several varieties of this boiler in 
use, designated the Plue boiler^ the Tubular boiler^ the 
Sheet-water-space boiler, &c. 

Flue Boiler, — ^In the FlueboQer, the flame and hot gases 
generated in the furnace are confined in narrow flues, which 
wind about amongst the water of the boiler until the heat 
of their contents has been nearly all absorbed ; afber which, 
the flues are gathered together into the " up-take," at the 
bottom of the chimney* 

Farm of the Flues. — They should be so ropmy as to allow 
of a boy getting readily through them to clean out any 
deposit of soot or ashes ^ but their area must not be unduly 
increased in any one place, so as to check the velocity of 
the draft, as in that case a deposition of soot and ashes 
invariably takes place, by which the heating surface is not 
only impaired^ but the plates are corroded and destroyed* 

Arrangement of the Heating Surface,— It is a point of th^ 
utmost importance that no part of the heating surface of a 
boiler ahould be so situated that the steam may not readily 
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rise from it, and escape to the surface of tbe water; sinea 
the pktCy if left in contact with Bteam instead of water, 
becomes unduly heated and destroyed^ and an explosion 
frequently ensues. 

Horizontal Heating Surface the best. — ^It is found in prac* 
tice that a peipendicular heating surface, such as the sides 
of rectangular flues, is l)y no means so efficient for raising 
steam as ^m equti 4MPea 'of h(mzontal 4raifa6e, «iidi as the 
tops &f (the same flues «ir ^ the furaaees. 99te reaseot of 
<3as is suffimenliy iippaeretff; ; &a Hke steam in the first case^ 
ricdng feirpetxS&ciAaiAy flom ^^rj portkm «f the sorfisee^ 
forms a flihnor stratum of T»pour in intact with the mdma 
of t^eflne, wliioh prevents <^e freeaceess of the water to 
the het iBfetid ,- Imt, in the ot^r ease, the steaan leaves the 
iron as soon as it is generated^ a&daUaws the water to be 
constantly in contact 



JBo/tiom Heating 8wjpaee ineffieimL^^Vtam the same.( 
of impeffeot contact, ^be flat boiltom of a metni &ie m ixery 
inefficient as healang^sorfaoe; ^and plates tlius disposed are 
found to 'Wear out much qtneker tfasoi those fiMrmiDg ihe 
tops of flues or fire boxes. The plan*of ^covering the bottom 
of the flues with a non*conducting material, as bricks or 
cement, has be^ ibund to 'oause hardly any diminutiKm. in 
the dtraparative power of ^e boiler, and ds by some thought 
to increase the dorabiJity of ittie bottcon plates. 

The ^*eetk>n to this plan is, l^at fixxm the uneqaal de- 
grees etexfeasAitm betwemlikeiron and i^e nonvconductang 
liBing, it is in^ssftle te soauitain an unbroken jiMnt be* 
tweeu their tfiaifaoes, ^eo >fchat a q»ace is Ai^med in which 
brine may collect in contact with the plates, and thus do 
snore ndsohief ^^tSian ^he ^xrigkiai disease. 

The flues gittemUy iucsane • little ia height as tiiey 
secede foem the ifimuoesy In order that the Aepik of'srater 
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over them may be lefts in ^^ortion as the eontatned air is 
cooler. 

SUttdvantt^n cf Flue BoilepB.'^Altbaof^ flue lioileni 
occupy at least one thisi more apace in the ^waael than 
tubdar boilera of an equal e?aporatiTe power, and are 
needy one third heaTier, they are atill preferred in some 
instazLces (as on board the West India mail packets), as 
being more eoonomical both Hvith regard to first cost, r&» 
paim^ and durability. lit is hardly beliered, howerer, that 
theiie qualities, if really possessed, are not more than coun* 
terbalanced by the increased consumption of fiiel neces» 
sarily attending any increase in the displacement of the 
Tessd, aa well as in the loss of so much valuable space for 
pa8senga«, goodsi or stores. 

TMular £otfor«.— In tubular marine boilecs, the fiamd 
and hot gases firom the furnaces are led through a great 
number of small tubes (of iron or brass), con^pletely sur- 
rounded with water, to the flue or '^up-1fake** «fc the bottom 
of the chimpey* By this arrang^nent we are enabled to 
condense a very large amount of ^heating surface" within 
a comparatively small space; and in consequence of the 
extreme subdivision of the heated gases in passing through 
several hundreds of tubes not above three inches in diar 
meter, every particle of them is brought into contact with 
the absorbent surface^ and their caloric ja thus extracted 
in the smallest possible time. 

Fumaceg.-^Tbe fumades, or '' fire boxes," shouM be f(^ 
deep afl to allow of a roomy ash-pit under tibe doors, the 
front of the grate bars being ixed at a height of about 
30 inches above the firing 8tage,.#m.d sl^^ping down witib m 
inclination of about two inches to the foot towards the 
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Firk iliirf«*^Th6 htm Are best nadeof.wroaglit iron in 
Boveral lengths of about 80 incheB each, to suit the Jengtb 
of the fornace, which should not exceed 6i to 7 feet. The 
jbars may be made from %m eighths to t^ee qikaiiers of an 
jach thick on tba top edge, about three incsbes dee^), and 
^nay have ftotsi three eighths to seven, sixteeoths of an. inch 
«f air space between each for Welsh coal, though these 
4limenBioi» should be modified according to the nature of 
the fuel it is intended to bum. No open space should be 
left between the outer bars and the sides of the fumaoe^ as 
it is expedient to cheek the fonnation of flame at that part^ 
in order to protect the plates firom being *^ burnt.'' 

The direct Impact of Flame to he avoidei.-^lt should be 
borne in mind that the direct impact of flame is veiy much 
hotter than radiant heat, and the plates of a boiler should 
be pr6teeted 6*om it as much as possible. This forms a 
source of objection to many of the plans which haye been 
proposed, or adopted, for burning the inflammable gases 
in the flues of a marine boiler by the admission of a jet of 
lair, which too often acts Uke a blow-pipe by directing the 
flame thus generated against the plates. 

The Bridge, — The " Bridge," to which we have alluded, 
trosses the back of the furnace to support the ends of the 
flre-bars, and prevent the fiiel being carried into the flues, 
and also tends to cause the flame to reverberate upon the 
roof of the furnace, although* the construction of the boiler 
sometimes does not require it at all. It is either formed 
bf flre-brick, or else constitutes a part of the boiler by 
being made hollow, and containing water, in which case 
the top of the bridge inclines at a considerable angle to 
allow the escape of steam. 

Water Spaces. — The furnaces should be covered with 14 
or 15 inches of water, and the tubes or flues with 10 or 



12 inehes, in the case of sea-going ^teimiers. The water 
spac^ between the furnaces are usually five to six inches 
^de; and between the Sues, foujr to five inches.. Thb 
spaces between the ct6maof the furoaces and the bottoms 
cfthe tubes- shotild be not less -than 10 inches^ to allow of 
a " man-hole" between the arched tops. The bottcim YmilKap 
spaces should b^ not less than eight incheSi to allow room 
for " scaling'* and cleaning. It is usual to allow a spaee of 
one inch between the tubes of a tubular boiler^ these b^ng 
arranged in perpendicular rows, one over the other, by 
which means the steam is supposed to escape, more readily 
than when they are placed zig-sag* 

Although many of the proportions here set down are 
beyond the control of the officers in charge of a steam 
vessel, atill we think it expedient to state, in as few worcto 
as possiMe, what proportions of engine and boiler are co]> 
sidered by practical men to be most conducive to perfect 
efficien<7.. -^ traless a general knowledge of these pro* 
portions be acquired, it is plainly impossible to form a 
judgment as to whether any observed deficiency in the 
woik of the ^igines is due to the fault of their original 
construction, or depends upon those details oi managemfint 
which it is more particularly our present object to explain* 
And although it is but just to the talented constructing 
engineers of titis country to assume that in the majority 
of cases the machinery of a steam vessel leaves their hands 
in a perfbct state, it is nevertheless most satisfactory tp 
be ^iabled to prove &is for one^s self. 

Reqmsiie Jmmnt of Heniinp jSwj/ace.— -Before we can 
obtain a good average result &om the, combustio;a of the 
fuel, it is necessary that the boiler should present cbout 
twelve Ifquare feet of effective heating sur&ce per horse 
power; for if less surface than this be given, a wasteful 
quantity of heat escapes up the chimney, from not having 
teen absorbed by tl^e water. What is termed^^ effective'* 
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iieatiDg surfaoe^ iBaiwt be ealculated mdependentlf of &b 
h(Mom9 of flues and fire*boze% and of oae foorth part dT 
tke wbate tube touxfac^o^ The grate-bar ^uidbce abould be 
ai hiut 80 8qiaffi*e uaohesper borse ftoweiviiiid, wb^ie ^!«eti* 
i»ble, amy be kiireased to liX) fiquase inches nath «auch 
iidr<aatage» 

Aremof.FhBt^md fufie^.^^-Tbe ftrea of tbe fij^st &ee, or 
the clear airea through 4he tttbee» should equal one smth of 
the frate-bor snxface led iiito them ; aad the ar^ti of the 
flues, may be ^:«dualiy diminished &aBi the Area to Hie 
chimney by one fourth park 

A Eoomy Fumaee desirabh.'-^As a JMge furnace i$ found 
by experience greatly to facilitate the admidLthjU:e of the 
fiaaes, and to enaioH) their more .perfect combustion, as well 
as to afSEord the most effiectiye kind of heatiii^rsux&ce^ it is 
<j£ great importanoe that .there should be plenty ^f jfoom 
over the fires* 

Comiuiiim dkeciedby the Carbmie AM. — The carbonic- 
acid gas which results from the combustion. of solid carbon, 
Jias a most.injuiiQtts effect in checking combustion withiu. 
the furnace, for wa find by esperimeUt that flame id barely 
vuppoztedin a mixture of one part of this gae witii four of 
atmospheric -air. Hence the necessity for admitting into 
the furnace at. least twice the amount of air chemically 
required; and even theui if we snalyse the contents oftbe 
chimney, we shall find from one fourth to one-half of the 
oxygen which entered tjie fire still free and uucombined, 
miied up with the prodiActs of combustioo. 

L$M 4>fSeai,ait€nding the CemiuHion </ the Lyiammabh 
.(riOiM. — ^ow, as the whole pf the air thus supplied in 
excess must be heated to a very, high temperaturo before 
the combu&ition of the inflammable .gases m the Cuimace 
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can «ii8ae, jtiQcfa heofc is ihas vaavoulably wasted-^so 
fflueh, ladefid, tldit it is noi? «ieH iMetvftained thftfc tlie 
e^poKsfeiTd Tahie <ef a ISteniiiofiis coid prcidttcfaig a lafge 
qnimidtf of ffamokis saantorifi -visrj Kttite, if ai |J1» «n]{>erior 
iotheienipciniti«9taiiie>ofihe«amecoal^i^ etAewfi 

the heat genemted by the oDmbiifitbn of ita Wb^e pso- 
docts proving, in praetiee, to belMe more than that «& 
fended in yelafciliaiag kh&ai^ and in heating the BiU^lua w 
leguireid ibr their aabsequent oenhwlioau 

Fonmatwn 9f Cttrbmic Qmde. — ^D^ien % Btmted lapp]^ of 
oxygen is fiunished to the iniumdesetnt fael on the baiw^ 
an ii]speKfec% esygeoated oarbonio-aQid^ga^ named ^^cai> 
beoic oodde,'' is partijr prodaoed, acoompanied \gj a ieonre* 
flpon^ag loss in the healb iganenited dnnng cWbVBtion. 
As 1^28 gas is inflammable, and that at a eomparatiTely 
lew tempefeature, it may be ibucnt in the funiaee^ or flues^ 
by tfaeiadaiissaoin of a iiorther 8n{^>}y (si atmospheric air — 
othervise^ it escapes n^coDsnmed np the chimntey, where 
it may be often seen burning at the top, having caught 
fire upon coming into contact with the oxygen of the air. 
Altheuig^ it may be beneficial to eonsueae .this carbonic- 
OKide, wlten onee Ibinned, by adoutting fresh, air into tiie 
floes behind the bridge, it is /certainly preferable to pire* 
T^t its fomiation altogether by uaing a lai;ge grate siu&ce^ 
athinifire^andvplenty of air sipaoe between the b«rs. 

8m»h9-Jnefnmg j^j9j)arato«.^-*-]S'oinntiutaading all thdt has 
been done and written with rdbrenee to the ao-^ealled 
^ smoke -burning" apparatus, it is the opinion of those 
JDOsdjd^ahlejdf forming a correct judgment on this sabjeet, 
that by apTopesr >eonstiinietu>n>ief /the fumaiae, and a skilful 
SBaoageiBent of the Ere, the smoke iand gases may be ;as 
effi&otually, and certainly moseiSa^ely, conaumed, by admit- 
tingi^e reqmedte quantity ^of ^air iisiDthis puipoae lat wee 
tbrongh the gmte bars. 
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BecitpUfUation, — ^It may be gathered from the preceding 
t^uarks, that some of tiie sao^t jmportaat regoisitea to 
(smrore effieieacy in a steam boiler are the following:— 
1st. Xhat tiie boiler should be designed with a suffieient 
amount of heating surface, so contrived that aa little of it 
as possible may be rendered ineffective, either from the 
retention of steam in contact with it, &om the formation of 
'scale within, or from the deposition of soot and ashes in 
the bottoms of the flues and tubes. 2nd. That the firso 
bar surface should be sufficiently large to admit of the 
necessary quantity of coal being consumed with thin and 
open fires. Srd. That the proper area be maintained 
through the flues or tubes, and that the passage to the 
chimney be such that the draft may not be interrupted. 
4ith. That* the furnace should be roomy; the bars thro, 
with plenty of airspace between them ; and, that the fires 
ahould not be longer than can be conveniently stoked. 
And, 5th (which is, perhaps, the most important requisite 
of all, and the one most neglected), That experienced and 
careful fire-men be provided. 

Clothing Marine BoiUrSy found to he 9ometimea preju^ 
«2icta^.-^ Although it must be admitted that the practice of 
'< clothing" marine boilers with non-conducting materials^ 
such as hair-felt, wood, &c., is in all cases highly beneficial 
for the production of steam $ y«t this is alleged to have 
induced, in some instances, a rapid wear in the plates of 
the boiler. This corrosion is most apparent in boilers 
which are frequently used and disused alternately, and 
takes place on the interior surface, attacking principally 
the top of the boiler and the steam chest. It is, probably, 
owing to the alternate wetting and drying of the plates, 
which causes the rust to scale off, and thus present a fresh 
aur£ace for corrosion each time that the water is bl^wn out 
of the boiler. In the case of an unclothed boiler, on the 
other hand, the internal surface is scarcely ever " quite dry," 



fiom: the €^po»itioii being <^e<^d bjr tbe low tempera^ 
ture, '«ad'the'eon86queiit> gaturation of t^ eftdosed air. 
Marine boilers whiek are oQnstaastly ia use, or wUcb make 
long Yoyages only, do not experience this destructive cor- 
rosion of tiie- steam ohests to the same ext^st* 

Btddhtff^ of Marine Boileitj-^The manneor of bedding ma^ 
nne boilers is a poini of some importance, as it materially 
affects the durability of the bottom plates. The usual 
loe^d adopted by the Admiralty, is to form a close plal^' 
form of timber over the k^kons, upon which is spread a 
piaster of cement, or mastic, about one inch thick, on 
which the boiler is eet. As this- becomes quite hard, it 
piev^its the bilge-wat^ (which in wooden ships is highly 
add) from washing up to and corroding the plates ; and it 
ia aho intended to stop any leaks which may break out in 
tbe bottom of the boilor, as well as to strengthen it in the 
eveij^ ^^ an fmnanally rapid c<»rosion taking place ftem 
the inside.. Unfortunately, however, it is impossible to 
preserve a 'dose contact between the iron and the cement^ 
on acdoimt of their dWerent degrees of expansion by heat, 
80 that when a leak does take place in the boiler, it extends 
itaelf &r a large space between the two sur&ces, and the 
corronon is increased instead of diminished. Perhaps the 
best practice is to rest the boiler on saddles of cast-iron 
fixed on .the beikr bearers^ which leaves the bottom exposed 
for examination and pmntmg, and even for small repairs if 
necessary^ In this case the bottom of the vessel imder 
the boilers must, be kept quite clean aiod diy by the bilges 
pumps. 

Galvanic Action, — It is necessary, both in marine engines 
and boilers, to guard against the destructive effects of gal- 
vanic action, which ensue in all cases where two metals 
of different degrees of solubility (or possessing different 
degrees of affinity for oxygen) are placed in juxtaposition i 
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ae^ for instonee, iron atid bra89» when tli0 fonner metal 
siiffer« a rapid borrosion from being the mote oxidable ci 
the <iwo« while the^iiausa is updie pfotected. 

Copper Boilers, — ^In cases whare the frequfflit reneval of 
boilers is attended with great expense and inconyenience, 
they are sometipaesoMide of copper^ whieh la^s about four 
times as long as uron. Th^ir first cost, howeTer, is about 
five times greats for boilers of the same weight, and cop* 
per is on]y tbree fiftlu» of th6 strength t£ iron wheta cold, 
or less than half its. starength Bis60(f Faiyrenheit. Lron, on 
the contrary^ increases ki strength from 32^ to 550^, when 
its strength is believed to be at a nuucimum* It is evident^ 
however^ that although a <;opper boiliar is not ao strong as 
a neuf iron one of the same weight, it retains its cniginal 
strength unimpaired for a long time^ whilst the iron boiier 
is every df^ becoming weaker by ccnrroeibn. An ixoa boiler, 
when new, has thus a great »uperabundanoo of strength, 
to allow for the wearmg of the plates by use; and it jDUst 
on no aceovnt be foitgotten, that a boiler whtdi may show 
no symptoAis of weakness on .beu»g finat used under a 
pressure of 20 {)0]in<ifl on the squu^ inch, may be very 
unfit to wojk at this pressure aft^ a eouple <rf yeami' sei^ 
vice. As copper cmAmitB heat more readily than iron, in 
the ratio of 2*4 : 1, a '0opt»er boil^ does not requ^ so 
much heating isur&ce as an ircm ona Also, after the 
0Opper boiler is worn out, the old material is still valuable, 
whereas the price obtained for the scrap iron is little mora 
than what it costs to break up an <dd iron bdler. ' 
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The 0giyul Managements the MaMnery ^eeeeearf/mr ite 
i^em^ — ^HftVing eadeatonred to ihow in a few waiybi what 
&e vxachiaevY of a ateam resiel ought to be, we pvoeeed to 
fMQsider, in the toetst.ptacey how it ai«j best be used: for, 
Hotwifchataiiitiilg all the talent and perfedioa of werkman- 
ihip which may be displayed bgr the oODetraetor, it leitill tests 
umij with those to whose care it Jias been enttuetod who- 
thet Q6m eqeHif iiabehineiy shaU.giye aatisfiiction or not. 

Eeanamff ofSieam ie the main QMeetion^^^Tbe eeonoiaical 
workiog of akiieagiiie endentfy depends upon the qnantitj 
of steam which is required to do a given quantitj of work, so 
that the whole queatioQ resolves itself into this, how can we 
best save steam? This qnes^on^again, naturally divides itself 
into two iieada, which are rea% quito distinct, though too 
trflen asaodoted together; namely, tiie proKtaetion of steam 
in the bo^es, and its Subsequent use inlibe engiae^and we 
shall jtherefore oonaider those sqwirately. 

The GmetaHono/Beai m theFn9naeee,^-The economy of a 
steam boiler is again snb«divided into ihe generation of heat 
))y tlkaeombastion of thefuel (in tbs fiuniace, and the sub^ 
sequent aheof^tUm of this heat by the water, as has been 
aii^adgr ecmimeiKtod upon. As the latter ss beyond tiie com- 
trol of ihose in ehacge of the maehinwy, (ezoept in keying 
the sur&ce of the flues and tubes as clean as possible,) we 
shall not further advert to it, but will pass on to the man* 
agement id >t^ furnace. 
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Management of the Fires, — ^The management of tlie fires 
on board a steam vessel affects the question of economy in 
the consumption of coal to so great an extent, that the im- 
portance of skilful firemen cannot be too much insisted 
upon. It is a great mistake to suppose, as too many cap- 
tains and owners of stea^ Vesseld d6, that any able-bodied 
man who can throw coals on a fire is fit for a stoker : and 
under this false impression, sailors are frequently engaged, 
instead of regidar fisemen, '** to stoke when required.'* The 
otaJy cases in which thb should be allowed are, perhaps, in 
anadliary-Bcrew vessels, and in suoh vesseb as may be ex- 
pected to^ make a considerable portion of their voyi^e under 
canvas ; but" even in such oases there should always be one 
well-trained fireman for each watdi to have the charge of 
the other Btokers; This man should be kept. constantly at 
his post, and must not be liable to be called away while the 
vessel is under steam, except in cases of emergency ; and he 
flhovdd receive a higher rafce of pay than, the pther stokers, 
if it were only for the purpose of giving him the necessary 
^authority over them* 

Effects of Misnumagement.-^T}cL\kf^ many instances of 
steamers are to be found zk the present day in whioh the 
same quantity of eoal is regularly burnt per hour, whether 
ihe engines are goingfast or slow ; whether forty cylinders 
full of steam are u^ed per minute, or only thirty. In such 
a case, one quarter of the fuel is thrown away through ig- 
norance of the despised art of stoking } for the firemen, may 
have either allowed the surplus steam generated to blow off 
at the waste-steam pipe; or they may have thrown open the 
fire doors, by which means the steam is only prevented from 
beong generated by the rush of cold air which takes plaioe 
through the flues, while the same quuitity of coal is burnt 
.as before^ 

Feeding the Furnaces. — Boilers of the. proportions inQst 



ttBuallf add;^t«fd by comtmciing' engineers AM tdiMI for 
the 6otQl>tistion of ^cm 15 to 18 pounds of coal upon each 
foot of grate surface per hour. In applying this fuel, it is 
found molt Adviantageous to tfaarow on at one time a supply 
to last for about 12 minutes, the furnace door being opened 
in about eight minutes after the fkte has been fed, to see 
how the coal is burning; and if any purt of the grate has 
burnt bare, a little coal must .then be quickly and skilfully 
thrown orer i^at place ; or should the coal appear to lie too 
thickly at any part, it must be lerelled with ihe " rake.*' 

Cleiuistff the .Borc-^In the case of a.rery bituBiinous coal 
it is offcen found necessary to open or break up the fire at this 
tun^ owing to the tendency of such a coal to cake on the 
bars, and thus prerent the pass^e of air through them ; 
but this may be obriated to a certain extent by keeping the 
fires thinner with bituminous coal than would otherwise be 
desirable. 

Eeqnn^r^^ fire Doors thut — ^As it is of the utmost im- 
portanee that the fire door should not be open longer than 
necessary^ sinc^ the cold air which then rushes in acts most 
prejudiciaJly and by absorbing heat from the flues, the 
eiperieaced fireman will study to dress his fire, in the first 
initanee, so as to demand as little interference as possible 
between the times for throwing on fresh fuel, or '' firing- 
up," as it is termed. 

Lendling the FueL'^The fires should be kept of a mode- 
rate anfl equal thickness throughout, and as the firemen are 
very apt, to he^tp up coals at the far end of the bars, it is ^ 
good px;actia^ to make ejtclb set of nien, before leaving their; 
watch, lay the lake or pricker along the surface of each fire 
quite b^k to the end of the furnace, in order to find whe- 
ther the thickness of the fuel is uniform or not. Should 
any of . the £r^s th^ Tfa^t dr^ssing^ the fireinon , uuder 
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vhose cltarge tliej are siioidd be forced t& rtmain milal those 
fires he^e been brought ip< a regular and proper thickDese. 

Each Wnteh to ham tkenf Fure^ dian. — ft b Hike general 
praiHaee for each set of men oat first begibiiisig theip wateh 
to ckaff theht fires and clear the bars of all dmkera or 
vitreous mafcter, according as each five b^ma down for the 
first time after taking charge. By this^ meana the men are 
made responsible for tho condition and efficien<7 of their 
own fires d)aring their watch; and befoiQe leaving, they 
should clear out the ashes from the ash pits, collect the cin- 
iders to bo re-burnt, and throw the refuse overboard^ 

Emntmt i^ JKum is expenmveoflSnet — ^If it ia found that 
the boilers do not generate the requisite supply of steam^ it 
will then be requisite to urge the fires to a greater extent by 
thefrequent use of the ** slice,'^ which fe inserted from undeiv 
neath between the bars, in such a manner that the coal is 
raised and broken iip, and a larger supply of air is per^ 
mitted to pass through. It is evident, however, tliat in this 
case a considerable waste must ensue firom cinders fidling 
through the bars into the ash pit before the/ are thoroughly 
consumed, and these ^ders cannot now be again thrown 
en the fire^ because it is necessary t^at the combustion 
should be as bright and active as possible, in order to *' keep 
the steam/* 

The Cinders tq he re-hurnt when praeticqhle.r^'Rence this 
valuable fuel is thrown overboard ; but in wc^ll-constructed 
boilers of sufficient capacity for the easy supply of the en- 
gines, a considerable economy will result from carefully 
separating the cinders ftom the ash and re-burning tjiem. 
"^en using Welsh or other coals that are easily broken, 
it becomes of special importance that the fires should be 
allpwed to burn regularly, without being frequently broke 
up or disturbed, for as these coals contain a lai^e propor- 
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.tbn of smt^esBi dust, this would be entirely lost by falling 
througli the bars were tke fires mach worked. Wh^ on 
tke contrary, tlds small coal is tkrown over the fire and 
allowed to cake, it tbeii becomes aflrailable; bnt as it 
deadens the fire when finri; thrown on, this cannot be done 
unless the boilers are hrge enough to generate a soffioient 
sappLj of «team wi& ^dead'' or riow-bnraing fires. 

Superum Eeonomy^ of Large Btnlen^^^Hesice arises a piin* 
cipal sonroe of eeoioomy from tho mse of boilers of ample 
ei^Mieity to g^aerate the steam without the fires being un- 
duly distorbed, aiid it is believed that on this ground alone 
eaa the alleged superiority of slow over nq^id combustion be 
maintained, in cases- where the fine sinrface ia supposed 
sufficient to absorb all the heat generated. 

The BoHer Pmver te usually eMUvided into Sections. — ^In 
large steam vessela the boiler power- is usually subdivided 
into three or fou? sections, each independent of the other, 
and capable of bdng connected together, or disconnected, 
at pleasure. In such yeseels it frequently haf^pens that the 
full steam po#er is not required, so that a fourth part, or 
even a half of the steam which the boilers are capable of 
generating, may be dispensed with. When this is the case 
it is the usual practice for the engineer to distne either one 
or two of the boilers altoge^er, urging the remaining sec^ 
tions so as to make them generate the full quantity of 
steam of which they are oapable. 

How io manoffe the SoUers iehen fiM Steam is not toanted: 
—it is now recommended, holrevw, thftt instead of disusing 
eoe ef the three or foiu^ boilisrs, they should all be kept in^ 
use, the fuel being burnt slowfy and equally upon the fires. 
By this means not only will the fuel be used more economi-i 
cally vk the fumaee/ but an additional advantage will be 
derived from the flue Or tube surfiice (in a mat^e boiler 
always tneie er lessmsufficient)^ wUcb will now be ^labled- 
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io absorb more of the htot generated. In Hke maimei^ 
where one half of the steam power ia sufficient, one oiiljrt>f 
the fi>ur sections should be disused* This is considered 
preferable to using all the four in such a case« as it is^ dif- 
ficult in practice to carry out the system of slow combustion 
to its extreme limits ; because, when small quantities of 
coal are spread over the fires at long intervals between^ 
they are apt to bum into holes and admit the entrance of 
jets of cold air, which rob the flues of their heat. If, -how- 
eyer, the engineer in charge can surmount this, difficulty 
either by skill in managing the fires, or by bricking oTer a 
portion of the grate surface in each fire (which is perhi^ 
the best mode of proceeding), he might then continue to use 
all the four boiler? with decided advantage. 

Lord DundonakTa Experiments on Slow Comhustian in Ma- 
rine BoHers.^^The beneficial results which may be obtained 
from slow combustion, combined with large absorbing ma> 
£su^ in a marine boiler, have been clearly proved in a series 
of experiments conducted by Lord Dundonald, to whose in- 
ventive genius in mechanics^ and steady perseverance in 
carrying out his projects, every engineer who has been 
brought into contact with him must bear evidence. The 
weight of water evaporated by one pound of coal in marine 
boilers of the usual proportions varies firom eight to ten 
poimds, whereas in those constructed by Lord Dundonald 
for the "Janus," 12J9 lbs. were evaporated. This high j!e- 
sult was attributed by his. lordship to the moiee. effootnal, 
burning of the coal by " slow combustion," combined with 
a peculiar arrangement of the flues and tubes constitc^ting 
the absorbing sur&ce of the boUeri which, it must be kept 
in mind, was nearly double the size usually allowed for ihe> 
aupply of the same quantity of steam* 

ExpmmtnU mtk a Tubular Bailer in JFoohoick Doekyord.^ 
*^To form a comparison with these results, therefore tha 
fiKrnaceit of a. <spmit^a|i tubular boiler, siMh aa ari^ U4^..ju^ 
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the Soyat Navy, and wliicli was at the time lying in Wool- 
urich dockyaird, were partially bricked up— the absorbing 
surface remaining the same as before. The result now ob* 
tained was quite equal. to that firom the boilers of the 
*^ Janus,'* although the rate of combustion per square foot 
of grate-bar sur^M^ was more rapid in the case of the Wool- 
«dch boiler. It is erident, therefore, that this boiler, when 
altered, was in precisely the condition into which marine 
boilers, not required to generate their full quantity of steam, 
may and should be brought by the engineer in charge, 
wbenerer the occasion presents itself. In the above in- 
stance, a saving of about one third of the fud was thereby 
effected, although, as a necessary consequence, the quantity 
of steam which the boiler was capable of producing in ft 
given time was diminished to nearly one half. 

The experiments above referred to are of considerable 
value, as indicating the economy of slow combustion on the 
bars of a marine boiler (when this is practicable), as well as 
the relative effect on the evaporative power of the boiler 
produced by a progressive diminution of the grate-bar sur- 
face, as will be seen from the subjoined table. 

Dimefmons and Description of the Experimental Boiler, — 
The boiler experimented upon was an eighty-horse tubular 
marine boiler of the ordinary construction, with horizontal 
tubes over the furnaces. Its extreme measurements were 
9 ft. long by 8ft. 6 in. wide, covering an area of 76J sq. ft. 
in the vessel, or '956 sq. ft. per horse power. It had 3 fires, 
each 8 ft. by 2 ft. 2 in., affording 93-6 sq. in, grate surface 
per horse. The total " effective*' heating surface, after de- 
ducting one third for the bottoms of tubes, was estimated 
at 13 sq. ft. per horse power. There were 176 iron tubes, 
each 3 in. outside diameter and 6 ft. long. The boiler was 
12 ft. 2 in. high, and the furnaces 2 ft. 10 in. high. Capacity 
for steam was 167 cub. ft. Total space occupied by the 
boiler, 761 cub. ft. Total evaporating surface in the boiler 
estimated at 1057 sq. ft. 

D 
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Dimetmotu of the Boilers of the **Janu8" — ^There were four 
boilers originally in the ** Janus," each measuring 12 ft, 2 in. 
by 8 ft. 4 in. and covering an area of 406i sq. ft. in the ves^ 
sel, and three fires in each boiler, each 6 ft. by 2 ft. li in. 
The boilers are 14 ft. high to top of steam chests; tlie 
total space occupied 4738 cubic feet. The total evaporating' 
surface, measuring the outside of the tubes, as in the Wool- 
*wich boiler, is 6187*4 sq. ft. The North-country and 
Welsh coals having been mixed in the stores at Chatham 
dockyard, where the trials were ordered to be made, it was 
necessary to select by hand, lumps of Welsh coal for the 
trials ; and, to render the comparison fair, this was done 
in the latter trials of the Woolwich boiler also. Prom this 
cause the results in both cases are beyond the average. 
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Evaporating Sarftu* p«r 

cub. ft. ot' Water erapo. 

rated per hoar. 



Temp, of tb« Water 

supplied to the 

Boiler. 



Coals bamt per sq. ft. 
of Bars per hour. 



Coals burnt per sq. ft. 

of Bars, during the 

Experiment. 



Ratio of Effect In Pro- 
portion to Bar Surface. 



Evaporation in Jiour 

In cub. ft. with the 

Feed a^ 100°. 



Ratio of Effect with 
Feed at 100°. 



Ratio of Effect at 
Temperature of Feed. 



Quantity of Water 
evaporated. 



Quantity of Coal used. 



Kinds of Coal used in 
the Experiments. 



Bar Surface, per cub. ft. 
evaporated per hour. 



Total Surface of 
Grate Ban. 



Dimensions of the 
Furnaces. 



Duration of Experiment. 



No. of Experiment. 
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Slow Camhutum generally impractieohlein Marine Bailers. 
—In order to carry out this principle in the case of steam 
TesaelB constantly using their full power, the boilers woald 
have to be made nearly double their present size, which of 
course in most vessels is wholly impracticable, and is cer- 
tainly not to be recommended in cases where the ML supply 
of steam is rarely wanted. From a pamphlet of Captain 
Bamsay's we find that the ^Terrible" steam frigate used 
her full steam, and lighted all her fires, on one occasion 
only— and that for a trial of speed. 

Regulation of the Drfl/3P.— Where it is not convenient to 
lessen the grate-bar surface by bricking up the bars at the 
further end, the same object may be effected, though cer- 
tainly not so economically, by checking the draft. With 
this object in view, every boiler should be provided with 
damper doors upon the mouths of the ash pits, accurately 
fitted, and furnished with the means of regulating with 
nicety the amount of air entering beneath the bars, or, if 
necessary, of excluding it altogether. Dampers are besides 
fitted at the foot of the chimney, but these are not so com- 
pletely under control, nor do they admit of the draft of each 
fire being regulated separately. 

Banking up the Fires, — Cases frequently occur in which 
it becomes an object to check the rapid formation of steam 
for a longer or shorter period, but at the same time to re- 
tain the power of getting up full steam and starting the 
engines again on the shortest notice. This is done by 
pushing the burning fuel back against the bridge, and co- 
vering it with wetted small coal and ashes, by which 
means the fires will be kept in a smouldering state, ready 
to be broken up and spread over the bars when the order is 
given to get up the steam. But as this process requires at 
least twenty minutes before the fires- can be brought to 
their proper state of efficiency, it is better, when such no- 
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tice cannot be reckoned upon, merely to push back the fires 
and heap them up against the bridge, raking them forward 
again when required. 

To get the Steam up rapidly • — ^It is of great importance 
when wishing to get up the steam rapicftf , to take care that 
tlie fire bars are so covered bj ooal» that a current of cold 
air is oiot allowed to pass through the flues, mixing with the 
small quaiitii|7 of smoke or products of combustion at first 
formed. Every thing should be done to fisualitate, or if 
possible cause a draught of air into the ash pits. 

No Water to be thrown in the Aeh Pits, — ^It is a most 
reprehensible custom amongst firemen, and one which 
should not on any account be permitted, to throw water 
upon the ashes in the ash pit. They should be drawn out 
and ihe best of them, roughly separated by the shovel, be 
thrown agam upon the fire, while the remainder should be 
drawa well away firom the boiler and gradually quenched 
with a stream of water from a hose, so as not to fill the 
^gine-room with steam and dust, nor keep the front of the 
boilers constantly wet, so as to corrode and destroy them at 
tbitspet* 
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CHAPTEE V. 

THS KABIKB BOILEB : HAHTAGBMSKT 09 VHP WATEB 
. ASTD STEAK. 

Supply of Water to the Boilers, — The keeping np a due 
supply of water in the boilers demands the utmost care 
and watchfulness on the part of the engineer, for should the 
iron in any place be allowed to become red-hot from want 
of water, an explosion is almost inoTitable. The immediate 
effect of the heat upon the unprotected plates is to warp 
and distort them, causing them either to separate at the 
joints by the giving way of the rivets, or to be torn asunder 
by the elasticity of the steam acting upon the distorted and 
softened surface. Explosions have also frequently taken 
place from water having been too suddenly admitted to the 
hot plates in the eagerness of the engineer to make up for 
his previous neglect, when steam is generated so rapidly 
that the safety valves are insufficient for its escape. It is 
said that in such cases a portion of the water, becoming de- 
composed into its elements by contact with the red-hot 
iron, may form an explosive compound of oxygen and hy- 
drogen gases, which, on ignition, causes the explosion. But 
whatever the theory, the fact itself is indisputable that 
explosions do frequently occur in this way, and should the 
engineer ever find himself in such a predicament he must 
instantly draw his fires, and then add water very sparingly 
and cautiously until the plates be again cool. 

The Water Level must not rise too high, — ^Danger of ano- 
ther kind is to be apprehended if the water level is allowed 
to rise too high in the boilers, for the water may then boil 
over into the steam-pipe, or if the steam space be already 
somewhat contracted, it may increase the " priming" of the 
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boilers to a dangerous degree, fop nothing is found to tend 
more to tiiis most troublesome eyil, than too limited steam 
room. 

Water Gauge: — To guard against such accidents as 
these, every boiler is fitted mth two difSsrent sets of appa* 
ratus for indicating the water leyel, and thereby guiding the 
engineer in the admission of the feed. These are called 
the '^ glass water gauge^'* and the *' water-gauge cocks.'* 

GUue Water Gauge. — The first apparatus consists of a 
glass tube about 18 inches long, fitting 
into brass sockets at top and bottom, 
by which it is connected vertically to \ 
the front of the boiler, in such a posi- 
tion that when the boiler is filled to < 
the proper height, the water level may 
coincide with the centre of the tube. 
This tube is furnished with three stop- 
cockd, one at r« leading from the top 
into thp boiler abote the water level, 
another at r frOm the bottom into the 
boiler belcw the water level, and the 
third at «, leading from the tube itself 
into the stokehole through a small pipe. 
When a communicaiion is opened 
therefore, at a a, between each end of 
the tube and the boiler, the water being subjected to the 
same pressure of steam as within the boiler, will stand in 
the tube at the same height, thus accurately showing the 
water leveL As the tube, if left to itself, is apt to become 
choked with salt or deposit (especially if the water be dirty), 
the third cock is provided, and by occasionally opening this 
the rush of steam and water through it clears away all ob- 
structions. Should there be much ebullition at the part of 
the bnil^ where the gauge id fixed, the level of the water in 
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fche glass will be yeiy imsteadj, and tliis must be remedied 
if possible bj leading a small pipe from the top of the tube 
into the crown of the boiler, where the steam is dryer, and 
at the same time sinking another small pipe from the 
bottom of the tube uito some place where the water is less 
agitated. It is also of importance that the gauge be fixed 
nearly in the centre of the front of the boiler^ so as to be 
as little affected as possible by the rolling motion of the 
vessel. The last two remarks apply equally to the brass 
gauge cocks. 

Brass Gauge Coeh. — ^In case of accident to the glass 
water gauge three gauge cocks are fitted besides, one above 
the other, at sii or eight inches distance between, the mid- 
dle one being pUced at the average water level of the boiler. 
Upon opening these therefore, successively, steam ought to 
issue from the upper one, water and steam from the middle 
one, and water alone from the bottom cock, and any varia- 
tion from this) will clearly indicate that the water is either 
too high or too low in the boiler. These cocks should be 
frequently opened, as they are also liable to become choked 
up with salt or deposit. As the surface of the water in the 
boiler is generally at a higher level than can be conveni- 
ently reached from the firing stage, the gauge cocks may 
be fixed at any convenient height to the front of the boiler, 
and pipes led up inside to the respective heights. 

Onlf/ One Feed Pun^ to be worked, — ^Although each of 
the feed pumps is made capable of supplying the full quan- 
tity of water required by the boilers, it is nevertheless the 
practice in many steam vessels to keep both the pumps 
constantly at work, the surplus water which is rejected by 
the boilers beinfy returned to the hot well, or thrown over^ 
board. This practice, arising from an over-anxiety for an 
abundant supply of feed water, is much to be deprecated, as 
when the pumps are both kept working, a partial fwlure iu 
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eitber of them may escape detectlcm untQ one meets with 
an accident, and is rendered aselesSi when it is probabl j 
found that the other pump is also out of order, and is insuf- 
ficient to do the fbll duty alone. In such a case recourse 
must be had to the supplementaiy pumps, which are always 
fitted for the purpose of feeding the boilers when the en- 
gines are not at work. 

Amount of the Brine ubetraeted.^^'Tfe have already ad- 
verted to the necessity which exists for abstracting firom 
the boiler a certain proportion of the super-salted water, in 
order to prevent the deposition of scale or salt upon the 
plates. The amount thus abstracted, or ^ blown off/' as it 
is teolmically called, varies with the quantity of the salt 
and other impurities contained in the water, but this may 
be stated to be on an average about one-fourth part of the 
whole feed water admitted. 

Proportions of Salt in Sea Water from different Localities. 
—According to Dr. Tire's experiment, the largest propor- 
tion of salt held in solution in the open sea is 83 parts in 
1000 (by weight), and the smallest 32. In a specimen 
brought from the Bed Sea^ 43 parts were found, the specific 
gravity of the water being 1'035. The Mediterranean con- 
tains about 38 parts, the British Channel, 35*5 ; the Arctic 
Ocean, 28*5 ; the Black Seaabout 21 ; and the Baltic only 6*6. 

Analysis of Beep Sea Water. — The same authority states 
that deep sea water, from the ocean, from whatever locality^ 
holds nearly the same constituents in solution, containing, 
on an average, in 1000 parts, 

25 of Chloride of Sodium (common Salt). 

5*3 Sulphate of Magnesia. 

8*5 Chloride of Magnesium. 

0*2 Carbonates of Lime and Magnesia. 

0*1 Sulphate of Lime« 

841; 

D8 
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besides a little sulphate and muriate of potash, iodide of 
sodiunii and bromide of magnesium. 

Blowtng-off. — The operation of "Blowing-off" is per- 
formed sometimes by hand at regular intervals of half-an- 
hour or more ; but a preferable system has be^i for some 
time introduced by which the brine is constantly and uni- 
formly abstracted, in a fixed and determinate proportion 
to the feed water, by means of a set of " brine-pumps," 
worked by the engine. 



Brine Pumps, — This arrangement, introduced by Messrs. 



Maudslay and Field, has been fur- 
ther improved by Messrs. Seaward, 
who connect the valve for the exit 
of the brine with that for the ad- 
mission of the feed in such a man- 
ner that the two open and shut 
simultaneously; and, as their areas 
are proportioned to each other in 
the proper ratio, no more brine 
escapes than is demanded by the 
evaporation of the water. The brine- 
pipe is further fitted with a stop- 
cock for its better regulation, or in 
case it may be wished to shut it off 




KingatovCa Vahe applied 
as Blow-off Cock, 

altogether when using fresh water in the boilers. 



Lamh^s BloW'Off Apparatus, — ^Another mode of blowing- 
off has been successfully introduced into the boflers of the 
Peninsular and Oriental Steam Navigation Company, by 
Mr. Lamb, their resident Engineer. This consists in blow- 
ing off partly from the surface, in addition to the usual 
method from the bottom, by which means many of the par- 
ticles of insoluble matter, of which the scale is formed, 
which are ballooned up to the surface on bubbles of steam, 
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are caught and removed from the boiler before they have 
an opportunity of aggregating and falling to the bottom. 
This apparatus, represented in the subjoined cut, may be 




Zamb'9 Surfltee Bkw-off JppiorahiM, 
made self-acting by means of a float, a, which, rising or fall- 
ing in proportion to the amount of feed water admitted, 
opens or closes the blow-off pipe, e; 

The 'Refrigerator. — The hot brine, ejected by the brine 
pumps at a temperature of perhaps 218^ is generally made 
to pass through a cylindricjd vessel, called the "refrigerator," 
containing a number of copper tubes through which the 
feed water, at a temperature of about 100% circulates on its 
way &om the hot well to the boiler. A considerable por- 
tion of the heat of the brine being by this means transferred 
to the feed is again returned to the boiler^ and a propor- 
tionate saving in fuel' is efleotedi 

AttempU made to Supercede Blowing off. — It has been 
attempted in various ways to modify the usual manner of 
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blowing off, with the view of saving a portion of the fuel 
consumed in bringing the ejected brine to the boiling 
pmnt. .' 

By Mechanical Means. — ^These have been either mechari- 
cal contrivanceB for collecting the insoluble particles at the 
surface of the water, and preventing their solidification at 
the bottom by agitation with foreign substances introduced 
for that purpose ; or else 

By Chemical Means. — ^A chemical solvent has been added 
to the water of the boiler, which it is intended shall act 
upon its mineral impurities without injuriously affecting 
the iron plates. The utmost that can be done, however, by 
even the most successful of these schemes, is to prevent the 
formation of a hard crystalline scale ; the impurities being 
now deposited in the shape of a loose powder from a state 
of mechanical suspension in the water. Thi^ powder, then, 
must still equally be removed by partial blowing off, if we 
would preserve the water from loss of heat by imperfect 
conduction, or the plates from danger of being burnt. For, 
since pure water alone can leave the boiler in the form of 
steam, it follows that all the foreign constituents must 
remain behind, however they may be disguised by solution 
in an acid ; and, imless this mineral solution be removed too, 
it must of necessity reach a limit at which the bases will be 
deposited, the point of saturation being deferred in propor- 
tion to the solvent power of the acid employed. It is also 
the case, as we shall presently see, that the greater the 
degree of saturation the more heat is required to bring the 
water to the boiling point, and the hotter, therefore, is that 
portion of brine which must, under any circumstances, be 
got rid of. There is also danger to be apprehended from 
the chance of an improper or too powerful solvent being 
employed, which may act injuriously upon the materials of 
the boiler. ' 
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The Brine Pumpt are found to he perfectly efficient at a tri* 
fling Expenditure of Fuel* i(Bee p. 69). — Hence it arises that 
l^e regular and constant blowing off by the brine pninps is in 
ey^y respect the best that can be adopted, and when this 
operation is properly performed, the boilers may be kept per- 
fectly free from scale at a comparatively trifling expenditure 
of fuel — not exceeding 4 or 6 per cent, of the whole fuel burnt. 
Per it must be kept in mind that the brine blown off has had 
its temperature raised by about 120^ only (from 100^ to 220^) , 
a considerable part of which is given back to the feed water 
during its exit through the refrigerators. Had this water 
been converted into steam (it is true), and absorbed heat 
in a latent form, the case would have been very different. 

Salinometere, — Since the freedom of the boiler from scale 
or deposit depends, as we have seen, upon the greater or 
less degree of saturation of the water, it is an object of 
inuch importance to be able to te3t the saltness of the 
water with ease and certainty. This may be done in two 
ways, each of which the engineer should have the means of 
trying from time to time ; namely, by ascertaining the true 
boiling point of the water, at a given pressure, and by finding 
its specific gravity at a given temperature — ^the strength of 
the solution maintainiag a fixed and known relation to its 
boiling point, and specific gravity. The instruments to be 
tised are therefore the Thermometer and the Hydrometer. 

The Thermometer used as a Salinotneter, — In using the ther- 
mometer for this purpose an instrument must be selected in 
which the scale is graduated in large degrees, capable of being 
subdivided iato quarters, at least ; but the scale need not 
extend beyond twenty degrees above and below the boiling 
point of water. Such thermometers are in use for ascertaining 
the heights of mountains, by observing the temperature at 
which water boils at the top. This fact, of itself, plainly de- 

* Mr. Dinnen^s Paper on Boilers, &c., in Vol. III., new edition, of 
Tredgold on the Steam Engine. 
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monstrates the dependence of the boiling point of liquids 
upon the pressure, and it is therefore necessaiy always to 
take the pressure of the atmosphere into account. When 
we say that water boils at 212°, it is understood to mean 
when subjected to the uwal pressure of the atmosphere, 
indicated by a column of 30 inches of mercury in the 
weather barometer at the level of the sea. 

The following Table shows the boiling point and specific 
gravity of sea-water (at GO*' Fahr.) of different degrees 
of saturation expressed in parts of salt contained therein, 
the barometer indicating 30 inches of mercury. 





Saltoess. 


Boils. 


Sp. gr. 


Pare Water . 





212^ 


1- 


Common Sea Water 


A 


213-2* 


1-029 




A 


214-4* 


1-058 




A 


215-5' 


1-087 


Up to this point no de- 








posit wUl be formed . 


A 


216-7** 


M16 




A 


air-s* 


1145 


.. 


A 


219-1'* 


M74 




A 


220-3'* 


1-203 




A 


221-5" 


1-232 




A 


222-7" 


1-261 




H 


223-8" 


1-290 




H 


2250** 


1-319 




If 


226-r 


1-348 saturated solution. 



As a general rule, the atmospheric boiling point of the 
water should never be allowed to exceed 216°. The tem- 
perature must be ascertained, by drawing off a small quan- 
tity of the brine, and boiling it in a deep copper vessel in 
the engine room, a correction being madci if necessary, for 
the state of the barometer. 

The following Table shows the height of the boiling point 
in Fahrenheit's scale at different heights of the barometer. 



Barometer. 
Inches. 

27 


Boiling Point 
206-96° 


Barometer. 
Inches. 

28 


Boiling Point. 
208-69° 


27i 


207-84° 


28i 


209-55° 
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Barometor. 




SiroBi6tev« 




iDufae*. 


Boiling Point. 


lochef. 


Boiling Point. 


29 


210-38° 


SOi 


212-79° 


29i 


211-20° 


81 


21357° 


30 


212° 







It will be seen that if we would preserre the water of the 
boiler at a degree of saturation indicated by Aof salt ; we must 
blow off one half of the feed water ; if at Ay then one third 
must be blown off; at Ay one fourth, and so one. We have 
said that A is the highest degree of saturation that should 
be permitted. 

The Hydrometer used aa a Salinometer, — The hydrometer 
employed for measuring the density of water, or other 
liquids, consists of a hollow ball of glass or metal from which 
there rises a tfdl stem graduated with degrees, and ballasted 
60 as to swim upright, the graduated stem being more or 
less immersed in proportion to the density or specific gra- 
vity of the liquid. GDhe brine, therefore, increasing uniformly 
in density according to the salt it contains, may by this 
means be very conveniently tested ; but as the densities of 
fluids vary also in proportion to their temperature, care must 
be taken that the portions of brine experimented upon have 
the particular temperature for which the scale of the salino- 
meter has been calculated. 

Annexed is a table of specific gravities of sea water at 
60° Fahrenheit, in various parts of the globe, as ascertained 
by Dr. Marcet, 



Sj[>ec gravity. 
Arctic Ocean • . 1*02664 
Northern Hemisphere 1*02829 
Equator .... 1*02777 
Soafchem Hemisphere 1*02882 
TeUowSea . • . 1*02291 
Mediterranean . • 1*02930 





Spec, gravity. 


Sea of Marmora 


. 1*01915 


Black Sea . . 


. 1*01418 


White Sea . . 


. 1*01901 


Baltic . . . • 


• 1'01523 


Ice Sea Waters • 


. 1*00057 


Dead Sea • « • 


• 1*21100 
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The specific gravities corresponding to various degrees of 
saturation of the sea water have been ahready given. 

SeaioarcPs Salinomeier. — ^To obviate the inconvenience of 
withdrawing the water from the boiler, in order to test its 
specific gravity, Messrs. Seaward have invented a salinometer 
of which the following is the description. It consists of a 
strong glass tube of about three-quarters inch bore, and four- 
teen inches long, firmly fixed at each end in a brass frame, 
to which are attached four cocks, one at each end and two 
at the side. By the two latter cocks the instrument is 
attached to the front of the boiler, being fixed at such a 
height that the water line in the boiler may show its level 
in the glass tube. Now, upon opening the two cocks which 
are attached to the boiler, the water will rise up iVom the 
bottom of the boiler, by a pipe attached to the lower cock^ 
to the same level as in the boiler. These cocks are then 
closed and the upper one opened, and two metallic or glass 
balls are dropt into the tube. The ball first dropt in has 
been graduated to swim when the water of the boiler ia 
one degree salter and denser than the proper degree of 
saturation ; and the second ball to sink when the water has 
become one degree more diluted and lighter. 

The upper cock is then closed, and the two cocks com- 
municating with the boiler remain open. It is evident, 
therefore, that when the water in the boiler is at the degree 
of saturation intended to be maintained, the lighter ball 
will float at the water level, and the heavier ball remain at 
the bottom ; and further, that any change of density will 
alter the position of the balls, the lower ball rising as the 
water becomes more saturated, and the upper one sinking 
upon the water becoming more diluted. The upper and 
lower cocks are for the purpose of changing and cleaning 
the balls when required, the bore of each cock being equal 
to the diameter of the balls. 
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CaM» in lo&ieii the JmamU of Blow^ may be dminishecL'^ 
la the case of a yeasel going at half speed, when the full 
quantify of «team is not eraponted, the quantity of water 
blown off maj of oouise be proportionaUj diminishedt nn« 
Iqbs it be wished to take mdyantage of this eircomstanfie 
aad freshen the water in the boiler, while it may be done 
without checking the power of the engines. For it is 
apparent, that tiie less water is blown off so much less feed 
need be admitted to cool the boiler, and so much the more 
steam is genentecL This rendears it sometimes expedient^ 
mider oiitical ciroumstanoesy to stop Uie safely of feed 
altogether &r a whiles m order to ensure an abundant 
supply of steam to the engines, and it is the duty of an 
inieUigent engineer toproTide for such emergencies, if pos- 
sible, by having agood supply of water in the boilers before- 
band* In making ^ trials of speed*' ^ steamers this is a 
ofiual jodLoying trids. 

In eaee the Btouhq^ Goeh eete /aet.-^In the case of the 
blovr-<xff cocks or any of the apparatus on board for with- 
drawing the brine from the boilers becoming choked or 
getting out of ordw, water must either be let out of the 
boiler by some means into the bilges, or it may sometimes 
happen that one of the systems of feed-*pipes may be made 
available to allow the escape of water into the sea. 

St/ety Fabfe, its Jrea.^T!be airea of the safety yalye 
should obnously be px)portioned to the evaporatiye power 
of the boiler ; but ia usually made in the proportion of half 
a square inch to each horse pow^ of the engines, which in 
the generality of cases is ample enough. 

Mim$ier of loading. — It is loaded by the manufacturer to 
the extent best adapted for the machinery, and this per* 
ii^ent load should not be augmented without his express 
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sanction. The steam power of the vessel being subdivided 
amongst two or more boilers, each separate boiler must 
have its own safety valve ; and as the different sections com- 
municate with each other by means of stop valves, this 
(Constitutes an additional source of safety in case of one 
being out of order. 

Occasional Defects. — ^A properly constructed safety valve 
is not liable to get out of order, although, if suffered to lie 
long in contact with its seat without being raised, it will 
sometimes stick so fast as to defy all ordinary means of 
moving it. It should therefore be frequently tested by the 
engineer, to see that it moves freely. 

With this view, and also as a ready means of relieving 
the pressure of steam without mounting to the top of the 
boiler, a set of jointed rods lead &om the firing stage to 
the bottom of the valve spindle; being so contrived that 
the engineer may push the valve up off its seat, but at the 
6ame time offering no obstruction to the firee rising of the 
valve by the steam pressure. It more frequently happens 
that the valve fits its seat so badly as to allow of the escape 
of steam. This should be guarded against by making the 
valve itself as solid and stiff as possible, and fixing the 
seating in a strong cast-iron valve box, which will not spring 
by the pressure of steam upon it. 

In case the Safety Valve sticks fast, — Should it happen 
that the safety valve of any one boiler becomes inoperative, 
the surplus steam will still have a free passage through the 
stop valve into the adjoining boiler, whose valve, it may be 
presumed, is in good order \ but should this means of escape 
cither not exist, or prove inadequate to relieve the pressure, 
then the blow-through valves of the engines must instantly 
be opened, so that the steam may find an exit through the 
valve casing and condenser. The fire doors should at the 
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same time be thrown open and the ash pit dampers closed, 
to check the fires as much as possible, before they are 
quenched with water, and drawn. The &st indication of 
an excessive piessnre is usually given by the mercury being 
blown out of the mercurial steam gauge, where such ia 
fitted, this acting to the best of its capacity as a safety 
yalye also. 

Steam Gat^e, — The steam gauge usually fitted to marine 
boilers is a bent iron tube, like a syphon tube reversed, 
attached vertically to the front of the boiler, one of the 
piifices opening into the steam chest, and the other open 
to the external air. The tube is partially filled with mer« 
cury, which of course stands at an equal level in both legs 
of the gauge, so long as there is no pressure of steam in 
the boiler. But as the pressure upon the surface of the 
mercury in the two legs becomes unequal, it is forced down 
the one leg and up the other, until the equilibrium is re- 
Btored. Hence, a depression of one inch of mercury in the 
leg communicating with the boiler is followed by a corre* 
spending rise of one inch in the other leg, but the difference 
of level between the surfaces of the mercury in the two 
legs is manifestly two inches. Thus, a rise of one inch in* 
dicates an additional pressure of one potUnd in the boiler, 
and not half a pound, as might at first sight be supposed. 
On the surface of the mercury in the open end of the tube 
there floats a light rod of wood, and this rising or falling 
with the level of the mercury indicates the pressure upon 
a fixed scale of inches or pounds. 

Vacuum, or Reverse Valve. — ^In addition to the safety valve 
each boiler should be provided with a vacuum valve, (of 
small dimensions,) to prevent the possibility of the boiler 
collapsing, when the pressure of steam inside falls below 
the pressure of the atmosphere. This is frequently ex« 
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perienced in boilers whose supply of steam is insufficient 
for the engines, (as it is apparent that the latter may coa- 
tinue to work with a negatire pressure in the boilers, pro- 
Tided there be a good vacuum in the condensers,) and it 
may haf>pen to any boiler, by a sea breaking over the decks 
and suddenly condensing the steam. The aefcion of -this 
valve is sufficiently obvious, as it is only a reversed safety 
valve, slightly loaded ; and the only attention it requires is 
to try it occasionally, and see that the qdndle moves 
freely. 

Supply of Ait to the i^ret.— The amount of air that u 
required to keep up combustion in steam-engine boileiB is 
much greater than is generally supposed. For lib. of coal, 
of average quality, 150 cubic feet of air are required for 
exact chemical combination alone, and as this can never be 
perfect, from a variety of disturbing causes, a supply of 
about 300 cubic feet is found in practice to be benefidal. 
If 8 lbs. of coal be consumed for one-horse power per hour, 
an engine of 1004iorse power will require a supply of 2400 
Cubic feet of Mr per hour, or 40 cubic feet per minute. 
Every facility therefore, by means of hatchways, wind pipes 
and windsails, should be provided and carefully attended to 
for this large supply. 

Staying Boiieri. — It is usual to stay the flat portions ot 
tubular boilers with rods of about one inch square, or one 
inch diameter, from sixteen to eighteen inches apart each 
way, and flue boilers (which are not so well adapted to bear 
a high pressure of steam as tubular boilers) not quite so 
heavily. It must be borne in mind, that it is highly inju- 
rious to stay weak plates at long distances, however strong 
the stay rod maybe, as the alternate distension and con- 
traction of the plate between the stays causes it to huekle 
round each stay every time that the pressure of steam ia 
added or removed. 
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This action, in time, wears a furrow round tlie fastening 
of the stay, by throwing off the scale from the surface of 
the plate, and opening the fibre of the iron, the circular 
piece of plate to which the stay rod is attached remaining 
at the same time quite sound. 




Brine-pun^, oMjitted on board H, M. 8. Medea, 220 Horse-power^ 
Maudslay, Son & Field. 



70 



CHAPTEB VL 

IfAlTAaEMENT OP THE ENGIITES. 

The Bearings require Attention, — In the management of 
the engines, the points to be most attended to are the fol- 
lowing. The bearings of all the working parts must be 
constantly attended to, and regularly lubricated with oil 
or melted tallow. If the brasses are screwed or driven up 
too tight, the bearing will heat; if, on the other hand, 
they be too slack, a jar is produced at every revolution, 
destructive, if not positively dangerous, to the engine. As 
the brasses wear by the friction, therefore, they must be 
driven up to a moderate tightness by the cutters. As these 
are apt to work loose unless properly secured, it is now the 
practice to make the main cutters with a screw and nut at 
the point to prevent this. When any of the main bearings 
heat, they must be slackened and bathed with melted 
tallow and sulphur; or, if the heating has' proceeded to a 
great extent, a stream of cold water from the hose of the 
hand pump should be directed upon them. The bearings 
most liable to heat are those of the crank pin and crank 
shaft; but care must be taken whilst cooling the latter, 
that the cold water does not crack the cast-iron plummer 
blocks. To avoid this, it must be thrown on very cautiously 
at first. The larger the surface of the bearing is in 
proportion to the friction to which it is subjected, the 
more easily it is kept cool and in good order^ and the less 
oil is consumed in lubricating it. 

To test the Tightness of the Engine before starting, — The 
following method of ascertaining the tightness of the dif- 
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ferent parts of the engine subjected to steam pressure is 
recommended to be used in every case after the engine has 
been fresh packed, or has been out of use for some time. 
After getting up Bteam, and while the vessel is still at her 
moorings, blow through, and then, after obtaining a partial 
vacuum in the con^pnser by the admission of a little water, 
watch the barometer to see how long the engine holds her 
vacuimi. If the condenser gradually becomes hot, while the 
cylinder ports remain closed, we know that steam is 
passing the packing of the valves ; or, if the valves are made 
without packing, the steam must be passing their &ces. 
The tigbtness of the faces of D and other valves may be 
tested by shutting both ports to steam, and opening the 
cocks for taking indicator diagrams above and below the 
piston, the grease cocks, or any others communicating with 
the cylinder. If no steam passes through these cocks when 
the throttle valve is full open, the valve faces are then, of 
course, tight. The tightness of the piston may be proved 
in the same way, by admitting steam above or below it, 
and opening the indicator cock on the opposite side. The 
injection cock may be slightly opened for an instant, to 
withdraw any steam that may have collected on the opposite 
side of the piston, so that the passage of any steam may be 
the more readily perceived. The tightness of most parts of 
the engine may be tested in this way without moving it be- 
yond balf a stroke. 

To discover a Leakage of Air into the Engines. — The en- 
gineer must watch strictly for leaks of air into the engines, 
by which the vacuum may be vitiated ; as well as for every 
leakage of steam into the engine room. If the engine 
draws air on the ** steam side," this may be discovered 
before it is set to work during the process of blowing 
through, when a jet of steam will be seen to escape ; but if 
the leakage be suspected after the engines are at work, the 
engineer must endeavour to discover it, either by the 
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whistling sound of tbe rash of air, or, takii^ a lighted 
candle in bis hand, pass the flame along all the joints till 
he finds it sfadied in. by the yacuiun. Leakage in a hori- 
sontal joint may be readily diacoYered by laying water 
along it. An air leak may abo be discovered by closing the 
snifting valve and the di»:harge valve at the ship^s side, and 
filling the engines with steam. When the leaik is fimnd 
out, it must be stopped temporarily by driving ia apiin- 
yam, or gaaket steeped in red lead and oil^ or c^her means. 

A Cure for Leahy Condensers. -^11 the leakage be into the 
condenser, it is sometimes convenient to allow water to be 
injected through the orifice, by which means little hann is 
done. In several cases where, during a long voyage, the bot- 
tom of the condenser has become leaky by corrosion, (often 
induced by galvanic action with the copper bolts of the 
ship's bottom, as well as the brass foot valve, &c.), a water- 
tight tank has been constructed at sea between the side 
keelsonja. By this means the condenser and adr pump are 
placed in a kind of well constantly replenished with cold 
water from the sea^ which, forcing its way through the 
leaks by the pressure of the atmosphere, E^ares with the 
proper injection water the duty of condemung the steam — 
the injection^cock orifice being partially closed in propor- 
tion to the extent of leakage through the bottom. 

Injection to be diminished when the Ship labours much. — 
When the vessel is labouring in a heavy sea^ it is recom- 
mended that the supply of injection water should be dimi- 
nished ; for in such a case, where the speed of the engines 
is subject to great and constant fluctuations, depending 
upon the greater or less submersion of the wheels or screw- 
propeller, the condenser is liable to become dioked with 
water, thereby causing the engines to stop. The efifect; 
of working the engines with a stinted supply of condensing 
water in, of course, that the condemtera will become hot. 
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and the vacuum will be dimitiislied ; but this is a minor 
evil in comparison witb endangering the machinery by 
subjecting it to too severe a strain. 

When the Injection Cock leake. — Care must be taken, when 
the engines make a temporary stoppage, that the injection 
cocky or air pimip, does not leak, and allow the condenser 
to fill with water, which causes much trouble and delay ii^ 
starting the engines again ; so, should this be apprehended, 
the sea cock must also be closed at the same time with the 
injection cock. It is also advisable to blow through at 
short intervals, to keep the condenser free of water, and 
admit a little injection water to keep up a vacuum, so as to 
be able to start upon the shortest notice. 

Advantage to he derived from the Bilge Injection Pipes, — It 
is calculated that an engine requires About one ton of con- 
densing water per horse power per hour ; and it is apparent 
that the abstraction of this large body of water from the 
bilge, in case of the vessel springing a leak, constitutes p. 
very valuable property in the machinery, and one which 
has ere now saved many steamers £rom foundering. It is 
essential, however, that the orifice of the bilge injection 
pipe be most carefully guarded against the entrance of 
chips of wood or oakum, which, by getting into the con- 
denser, may gag the valves of the air pump, Ac, and stop 
the engines. The bilge injection pipe should have no rose 
upon the orifice opening into the condenser, as such is 
liable to become choked ; but the water should be spread 
hj striking against a fldt surfiu^e, or otherwise. 

Infecting through the Sni/ting Valves, — ^Where no bilg^ 
injection has been fitted, a considerable body of water may 
be admitted into the condenser through the snifbing valves, 
in case of a leak in the vessel. Should there be no means 
•provided for lifting thmn, by stopping the injection and then 
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hltfKring tbrcmgti, tbey wiA Am from the pfetstim df dt^om 
bt the cQadenset, when they ifittirt be prevented fromdo^g 
again ; or, should they be inaeeeeiible, the cot^ of the foot 
valve, or the man-hole door of the condenser (if the water 
tise Above it), should be slackened to attow the wat€ff to enter. 

To make Stedm^tight /ot^fo.-^^e nmial mode of makiog 
air ot steam-tight joints between two surfaced, is to inter- 
ne hemp packing, or gasket, soaked m red or white lead 
a^ linseed oil, the joint being made when the steinn is 
down, and screwed well tip when the engine gets hot. If 
tb« joints have been aeenfately chipped and filed, then 
ilheet lead, thick pape^, wire gan«e^ &e*, ate ueuaMy em- 
ployed, well smeared on both irides with red lead ; or, if tbe 
joint has been planed and made perfectly true, then a little 
thin teA lead is all that is neoessaiy between the stdr&ces 
to make them steiim4igbti Cement jabti Afe now abnost 
wholly discarded from marine engines> and shonM never be 
made where thefe h a chance of the Enkrfiioe» reqnirii^ to 
be ftgftin separd^. 

How to at4 in ease of A^^mt to the En^n^e.'^The various 
accidents to which stedM engines ar<d liable are so wam^- 
torn, that any directions to meet partidular ciisee ar6 likely 
to be fruitless* Any engineef ifh6 etpects a list of re- 
medies fof every evil that may oocifi^, whether it be to 
smother a leak in a pipe with a stoker's fearnought dre^ 
And lap it with spun yam, of to fidh an intermediate shaft, 
must be disappointed. 5e mufit rely (m Ms own judgment 
when a flaw has shown ftself, ot a &actin« taken place, and 
consider carefully the direction of the strain, and take steps 
fo^ provide for this ; sxlA also fo guard against further injury 
If ^he weak pditt should give way* Wood and wrought iron 
ai*e the materials with which aU fepdo^ cit sea must be 
^fl^ted, and eare should therefore be i^en to hd.ve effident 
means for adapting them to use when r6(}!iired> No hesit^ 
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tion must be felt regarding fhe ixnaeemliness of a mastm 
pieoe of timber to Btrengthen the frame of an engine; and 
the principle of the expansion of wrougbt-iron strsps or 
bolts hj heat, eo a« to eifidclually tigfatem tbem, mnut not 
be forgotten. A clear percepjbion of tiie prmeiples of tmai^ 
ing, of leverage, and of tbe resolution of forces, is most 
importfmt ; and it id b^ ancb knowledge that a good and 
thorough mechanic win show his supeiioritj in difficniitiei 
o?er the mere engme driver. 

Teai Cocks.-^maH cocks ihoold alwa}rs be fitted to th^ 
top and bottom of the cjliiudem for clearing them of any 
water. They aare g^ierally constraeted with a ball or reVerM 
valve at tbebr mouth, so as to allow of their being ke|>t op^ 
without the entrance of air, when there is a vacuum aa fHk^ 
Bide of the piston with which they eommumcate, which 
would injure the action of the engines. 

Grease Cac]l».---The grease codts, &r lidbrieating tiie pifl:- 
tong^ mttsi^ of couree, be opetned only during the accent ^ 
the piston, when the vacuum will suck in the melted tallow ; 
otherwise it w^uld be forced out by the pressure of steam> 
These grease eocks on the slides, where there is a constasft 
pressukre of steam opposed to them^ may genemlly be made 
to act by one man swideaily elosing the throttle valve of tiMi 
engiae which It is wished to lubricate, while another opens 
the grease eoek at the saone ixnsH;ant ; the idu^ottle vi^e W 
i&g reopeioed, and the ^h<de o|meation perfi>nAed as ^idekty 
aa poseible, so as not to 8t<^ tbe speed of the engine mo^ 
than is Absolutely necessary. 

Tumtfiff . the Ensfims hy Emd***-One ef the prineiiffil 
duties of the eo^fineer, whilst in harbour^ is regularly te 
move the es^es round by hami through a portion of n 
reyolotion^ in ord^ to chltnge the relative positions of aU 
the touching susfaees* It is founds tihdkt when the ijttOk 
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piston rod, for example, Temams for even a day or two m 
loontact irith the brass gland, a slight, though perceptible, 
furronHr is eaten in the rod by the oxidation of the metal, 
induced by the galvanic action which results from the con- 
taot of the brass and the iron. 

: Gahanic Actim, — The same destructive effect is produced 
in all the other parts of the machinery where copper or 
brass remains in contact with iron ; but this proceeds more 
rapidly when sea water or moisture of any kind is present, 
ajld according as the temperature is greater. In the case 
^f paddle engines, the wheels present a convenient leverage 
ifft moving the engines by hand ; but, with screw steamers, 
nueh difficulty is sometimes experienced in effecting this, 
Aaad it has generally been found requisite to fit some me- 
idiatucal contrivance for the purpose. 

Essential to have square Begulating Lines marked on Ma- 
rme Engines, — ^As spirit levels and plumb rules cannot be 
'^ed on, board ship, every thing must be done by straight 
e4g^ and squares. Every engmeer, therefore, on taJdng 
charge of a pair of engines, on their coming out of the 
hands of the manufacturing engineers, should see that cen- 
tre lines are scored well into the framing, at a sufficient 
tttunber of parts, to facilitate any future examinations as to 
sriiether the engines have altered their position in any way, as 
veil as to facilitate his putting the engines veiy correctly, 
^hen so required, at half stroke, and many other operations, 
dk-thwartship lines should certainly be scored in on the cy- 
linder flanges, across the centres of the two cylinders, and 
on the base plates in beam engines, under the centre of the 
icniink shafts. A fore and afb hne in the centre line of each 
«tighie should also be scored in along as much of the base 
.plate as possible. It is also usual in well-constructed en- 
Igines to have four horizontal points in an athwartship line 
/on iihe framing, dressed off so that four points in a true line 
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on the &C6 of a straight edge may lie upon the whok ofi 
them, and thus prove at any time whether the engines haw 
Men in towards each other, or fallen away towards the 
sidesof the vessel. 

• 'i 
To adjust the Paddle Ska/t.—lf the eye of the crank o^ 
the paddle shaft be perceived to bear hard upon the conn. 
necting rod brasses at one part of its revolution, and to sck 
parate fix>m them at another part, the engineer may kaikw 
that the centre of the paddle shaft is out of line with the. 
centre of the intermediate shaft. To rectify this defect^ 
place the engines on the top stroke and measure the distaai^ 
accurately between the faces of the two cranks at the side 
of the crank pin, then put the engines on the bottom stroke 
and measin^ the distance at the same place. If the im* 
tance at the bottom be less, the outer end of the paddle 
shaft must be too low and require to be raised. Subtract 
the one distance from the other, and take one half of thd 
remainder, and say, as the length of the crank is to tha 
length of the paddle shaft, from the face of the crank to.the 
centre of the outer bearing, so is this half-remainder to the 
amount that the outer bearing requires to be raised. Other 
examinations as to whether the crank and paddle shafts a^ 
true to each other, in other respects, can be made in a simif 
lar manner. j 

To replace the Levere on the Vahe Shaft if carried away,--*^ 
The length of the valve lever is the distance from the centoe 
of the valve shaft to the c^itre line of the valve spindly 
with the addition of half of the versed sine of the ari 
through which it vibrates. The length of the gab lever 
must bear such proportion to the length of the valve levist 
that the traverse given to it by the excentric shall produoe 
the requisite amount of motion in the valves. The ihrcnr 
of the excentric, multiplied by the length of the valve ieveis 
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imurt alwf^ be e^oal to the tnurei of ike -fslwes, multiplied 
hf Ae kiigth of tho gab le?er. 

To fix the Gab Lever an the Valve Shaft, ^^TherMh^ kver 
or levers being fixed upon the shaft, it must then be put in 
plaoe on the engine^ and turned round till f^e oentare tine of 
the ralve lever is at right sAgles with ihe centre line of the 
yake spiiidle. The abaft being fixed in this position, the 
gttb kver is now to be put upon it in audi a position that 
its centre line will be at right angles to a line stretched firom 
the centre of the intermediaite ahalb to the cenia?e of the gab 
pin en the end ci the lever. 

To find the Length efthe Etteentru: Rod if earned atoay,-^ 
Place the valve 8haD» with the \idve lever at right aoo^f^ 
to the centre line oi the valve lE^indle, and then meaauro 
the distance &om the cmitre of the intermediate shaft to 
tiio centre of the pin of the gab lever, and this is the leng& 
^ratnthec^itre of the ring of the exeentricrodtotheoeixtafe 
of the gab at the otdier aid of it. 

To replace the Stope on the Intermediate Shaft /or dnmng 
ike Exeentric.^^TbB exeentric rod being out o£ gear, pkoe 
tiie engines at top stroke, and plaee the valves in the pooL- 
tion in which thej ought then to be, that is, with the requi- 
site amount of lead open to the steam. Now move the ex- 
eentne, which is loose upon tibe shaft, in the direction in 
<whii2h it would revolve, if the engine was going Srhead, mdal 
the fixoei^e rod drops into gear ; the position of the stop 
for going a-head may now be marked upon the shaft, to 
meet the &ce of tl^ stop upon the exeentric block. The 
gsb of the eccentric rod being taken out of geaor «gaan 
without the engines or the valves having been moved, th^ 
axaentric block is now tp be turned hack, in the direction in 
which it would bp revolving if the engines were going 
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astern, and the excentric rod will again drop into gear as it 
comes round, and this, in the same manner, gives the posi- 
tion of the stop upon the shaft for going astern. 

Enential to know the Pantunt of the Steam Valves from 
External Mark^.^r^Tke r^^B rp^ being generally so fitted 
that its length can be Timd wilii fyfij&y for the sake of ad- 
justment, it is essential thA.t there should be .a ready means 
of testUig the correctness of its l^ngth at any time. This 
can p^ly be done by a mark upon Hie rod, above the gland 
of the valve bonnet 9X cpypr, this mar)L being made when the 
vidve js 9'titg) mid-9tirpike; at a cejtajn known distance above 
s^ msirk on the flange pf the valve casing pr some other fi^ed 
pprtipn of the pngine framing. These marks are generally 
mada by » centre pnnGh well struck in, and a record of tbp 
required distance is omde by another mark on the valve 
casing or framing a't the iiequired distance. If the valvp be 
pJacpd at mid-strpltp, thf valve lever may now be connected 
with it, the only ca4^<^ requisite being that the centre line of 
the valve lever shull be at right angles to the centro line of 
the valye rod, when the valve ia in this position. If any 
doi^bt is entertained ef the correetness with which the parts 
in ^np9tion have been pri^nally constructed, due examina- 
tion pf the steajn pprt^ and vMve faces must be n;i|tde, and 
the length of the valve rod and the n^arks tested. It is 
fioi9i^in>es cpnvenient to have a mark made pn the framing, 
or spme other ready means, by which it may be known when 
the vulve leyer is ^t right angles as stated. 
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CHAPTEE Vn. 

TTSB OP THE BXPAJTSIOK TALTB, IITDIOATOB, AKD 
DYKAMOHSTEB. 

Principle of Expansion. — H steam be supplied to the 
cylinder of aa engine at a unifonn density during the 
whole length of the stroke, the resistance being at the same 
time uniform, the piston will move with a continually in- 
creasing velocity, until its momentum is Eiuddenly and 
entirely destroyed upon commencing the next change of 
direction ; thus causing a destructive jar to the parts of 
the machine. To obviate this, therefore, the steam is ^ cut 
off" before the end of the stroke, which is then completed 
under a diminished pressure. By this means the piston 
comes gently to rest at the top and botlSom of the cylinder ; 
but this is neither the only nor the chief advantage which 
results &om cutting off the steam, since it is found that the 
force actually exerted upon the piston hy the isolated steam^ 
during its expansion into the increased volume as the piston 
descends in the cylinder, is considerably greater than that 
due to the simple pressure of the same weight of steam acting 
at a uniform density. 

To render this intelligible, let us suppose a cylinder of 
one square foot area, and 20 inches long, to which steam at 
about the atmospheric pressure has been supplied during 
half the stroke. We may then suppose the pressure on the 
piston to equal one ton at the moment the steam valve is 
closed, the space under the piston being open to the con- 
denser. As the piston descends farther, the steam above it 
will become diffused through an increased volume, and will 
consequently acquire a diminished pressure. "We may assume 
that this dimiQution of pressure follows the law of elastic 
fluids in general, and that it decreases in the same proper- 
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tion as the yolnme of steam is augmented. While th# 
piston, therefore, moves downwards from the centre of the 
cylinder (at 10 inches), it will be urged by a continually 
decreasing force, until it arrives, we will suppose, at 1& 
inches, when the space occupied by the steam will be ior 
creased in the proportion of two to three. The pressui^ 
on the piston will also be diminished in the inverse ratio 
of three to two ; and will now equal two thirds of a ton at 
15 inches from the top. In like manner, when the piston 
arrives at the bottom, the space occupied by the steam wiU 
be double that which it occupied at half-stroke, and tb^ 
pressure will be diminished one half— being now, cozme« 
quently, half a ton. By calculating in this way the pre»- 
sure on the piston at the termination of each inch of the 
space through which the steam has been expanding, we find 
the pressure at the 11th inch expressed by -K of a tons At. 
the 12th inch H of a ton ; and so on to the 20th inch, wh^^a 
the pressure is M, or half a ton. 

Now, if the pressure of the steam through each of thesci 
ten divisions be supposed to continue uniform, and, instead 
of diminishing gradually, to suffer a sudden change in 
passing from one division to the other, the mechanical 
effect will be obtained simply by taking the average of the 
ten pressures. Thus, it has been supposed, in the present 
case, that the pressure on the piston at the beginning of 
the first division is 2240<lbs. ; and to obtain the pressures 
corresponding to each of the other divisions, it will only be 
necessary to multiply 2240 by 10, and divide successively 
by 11, 12, 13, &c. The pressures in pounds, at each inclt 
below the half-stroke, will then be as follow, viz. : — 



At end of Ist inch 2036*3 lbs. 
2nd ,, 1866*6 „ 
3rd „ 1723-1 „ 
4th ,, 1600-0 M 
5th „ 1493-3 „ 



At end of 6th inch 1400-0 lbs. 

7th „ 1317-6 „ 

8th „ 1244-4 ,, 

9th „ 11790 „ 

10th „ 1120-0 ,, 



Benefit of Expansion. — If the mean be now taken by 
adding these numbers together and dividing by 10, it will 

£ 3 



be found to be 14i9SlbB. as the mean preasure of steam 
donng the ^panding hsA£ of the stroke, which i$ vbkpIj 
tfaxee fourths of the mechanical effect produced bj the luil 
Efteam during the first half of the 'stroke* In this cai^idft- 
tkm we have assumed, for the sake of simplicity, that the 
pFeesure is uniform tbroughout each of the ten di^ifflona: 
which of course it is not^ owing to the expansiye action 
which takes place within each division ; so, the more aceu- 
Wtte calculation (which is a complicated one) make^ the 
average pressure for the expanding half of the stroke equal 
to about 1545 lbs. It is evident that this principle is 
equally applicable at whatever part of the stroke the eteam 
be cut off, a higher mechanical effect being obtained Srom & 
given weight of steam in proportion to the extent to which 
the expansive working is carried, and in proportion to the 
ongiaal density of the steam. Thus, in the Cornish en- 
gines, it is found to be most advantageous to use steam of 
from 30 to 40 lbs. pressure, and to cut it off in the ejUnder 
ait one sixth, or even one eighth part of the stroke, the 
remaining seven eighths being performed wholly by esK- 
pansion. The limit to this principle is imposed, in practice, 
by the increased size required for the cylinder, and the in- 
equality in the speed of the piston during ihe stroke. 

It is found, by calculation, that if the steam be cut off ai; 
half-stroke its mechan«»l effect is multiplied by 1*7 neady ; 
if «t one third, by 2*1 ; if at one fourth, by 2*4 nearly ; &c» 

The following rule will be found useM for calculaiit^ 
approximately the mean pressure of steam on the {osten. 
during the stroke, while woridng expansivALy. 

Rule,— Divide the length of stroke by the distance the 
piston moves before the steam is cut off, and the quo- 
tient wiU express the relative expansion it undergoes. 
Take from the annexed table the multiplier correspond- 
ing to this number, and multiply it by the full pressure 
of steam per square inch on entering the cylinder. The 
product will be the mean pressure per square inch, neariy. 
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The ImHeatar.-^Jn prpdioe^ a vmck 9impl^r, oud more 
accQiBte method is employed for finding the power exerted 
irithin the cylinder, of ft 0t6wn ^gine^ iwaely, by the use 
of the indicator. 



The Ifu&eaior, its CanatrucHon and Principles, — This little 
instniment, which ought to be famili^ to every one in- 
trosted with the care of machinery consists of a small 
cylinder placed in connection with the cylinder of the en- 
ginOy either aboye or bdow the piston. This cylinder is 
opeii at top, and is fitted with a piston which presses 
sgabflt a spiral spring. The cock which connects the 
indicistor with the cylinder of the engine being opened^ 
steam is admitted under the piston of the indicator during 
the one stroke, and yacuiun during the other, precisely as 
in the large cylinders ; thus causing the little piston to 
pvsh jor pull alternately against the spiral spring. If the 
pressure were uniform throughout tlie stroke, the indicator 
piston would start at once from the top to the bottom, and 
wctf versd, remaining stationary until acted upon by the 
opposite pressure. In such a case, the pressure exerted 
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would be simply proportional to the flexure of the spiral 
spring, jund might be measured accordingly; but, as we 
have seen that the pressure on the piston is continually 
Tarying during each stroke, it follows that the pressure on 
the spring must also be a variable pressure corresponding 
to the movements of the indicator piston, either up or 
down. Now, if a pencil be fixed to the piston rod of the 
instrument, it wiU register the fluctuations of pressure 
upon a piece of paper held close to it ; but, unless some 
provision be made for allowing the pencil a clear space on 
the pap^r at each successive instant of time, it will only 
move up and down in the same vertical line, and the mark- 
ings due to fluctuation of pressure will be undistinguish- 
able. To obviate this, the paper receives a circular motion 
in one direction during the down stroke of the piston, and 
a reversed motion during the return stroke, the result 
being that, as the pencil moves vertically up and down, a 
continuous curved line is traced upon the paper. By this 
line an oblong space is enclosed, called indifferently the 
Indicator Figure, Cardf or Diagram, the vertical ordinatea 
of which will then represent the effective pressure at the 
corresponding portions of the stroke, and whose area will 
represent the whole pressure exerted during the stroke. 

Before the instrument is connected with the steam 
cylinder, the roller, with the paper attached, is set in mo- 
tion, and the pencil then describes a straight line (called 
the neutral or atmospheric line), which represents the preSf 
sure of the atmosphere, the space enclosed above this line 
being the measure of the pressure above the atmospheric 
pressure, and below this line measuring the pressure below 
the atmosphere. If the junction between the indicator 
And the cylinder be now formed while steam is entering 
the cylinder, the indicator piston will evidently rise; and 
if steam be escaping from the cylinder it will fall, — ^the ex- 
tent of the rise and fall depending upon the strength of 
the spiral spring. The alternating circular motion of thd 
roller is given by connecting it with any reciprocating parfc 
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of the engine, by means of a cord attached to a pully fixed 
on the same axis with the paper-roller. This cord gives 
motion in one direction only, the return movement being 
communicated by a coiled spring attached to the instrument. 

Scale. — The scale of the indicator in general use is 
divided into tenths of an inch, each division representing 
one pound pressure on the square inch of the piston. 
When the instrument is not in use, the index stands at ; 
but when communication is opened with the engine the pres- 
sure of steam is exhibited above zero, and the vacuum below. 

How to use the Indicator/^ — To use the indicator, its cock 
must be made to fit the grease cock of the cylinder cover, 
or any other fitted for the purpose in a convenient place at 
the top or bottom of the cylinder, or both. The line may 
then be attached to the radius bar of the parallel motion at 
six or seven inches from the joint, and connected by a 
running loop to the hook on the small line at the bottom 
of the instrument. By means of the running loop the line 
must be lengthened or shortened, till it is of the proper 
length to allow the roller to traverse as far it can without 
coming into contact with the stop or the springs. This is 
easily effected by shifting the Une upon the radius bar; 
and when the proper length has been foimd, the running 
loop may be fixed permanently, to be ready for future trials. 
Having stretched the paper upon the roller, and fastened it 
by means of the clasp, a sharp-pointed pencil is put into 
the socket, and allowed to press lightly (by means of a 
little spring) upon the surfiace of the paper. When all is 
ready, the instrument is first made to work a few strokes 
with the cock shut, in order to form the " atmospheric 
line," after which, the cock is opened when the piston is 
at the top of the stroke, and the registration proceeds as 
described. 

* See p. 288, Marine Engines, new edition of Tredgold on the Steam 
Engine. 



iXow /o «taiC^ ^Atf Calculation, — ^When tlie figure U loadis, 
the pressure of the steam i^ ealciikted hj drawing a^ 
number of lines across it at right angles to the atmosphmc 
line, and taking their meaoi length as measured on the 
scale attached to the instrument. In practice, it is usual 
to di?ide ihe %urb into ten spaces by equi-distant ordi- 
nates, measure each of those spaces in the voiddle, find 
their sum, and eut off adacimal figure for ihe dindlon hj 
10, the result being the atrerage foree of tibue steam m 
pounds on the square inch. To fiod the power that tib» 
engine is actually exerting, therefoce, we ha^e only to take 
the area of the cylinder in square inches, multiply by the 
average pressure as found aboYO, and4igain by the liumber of 
fydb which the piston laravels in a minute, wfaenibte produist 
divided by ZBfiOO is ihe inidifiator or gros$ hoisse powar ixS 
the engine. 

To find the Nomnal Horse Power cf a» Engme,--Ti^ 
hopse power of an engine, as found in this vjwj (which i» 
ihe most accurate method with which .engineers are ai&* 
quainted), must not be confeunded witii what is called the 
Nomnal or Commercial Horse Power. The latter is ob^ 
iained by the following formula, viz. :->— 

A-rea of cylinder x effective jattstars xapeed ef pi8ton _^. p 

The area of the cylinder must be taken in square inches, i^e 
" eflfective pressure" assumed at 7 or 7^ lbs. per square inch 
of piston, and the speed is to be reckoned in the numb«r of 
feet through which the piston travels, or is expected to 
travd, per minute. The divisor is 83,000 lbs. as before ; 
this weight when raised one foot high in a minute being 
the standard of a commercial horse's power adopted by 
James Watt, and subsequently retained for convenience 
sake. In tendering for engines for the Govemm^it ser- 
vice, the " effective pressure " is assumed at seven poujida 
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ovlj, and the speed of the pkton is pvetumed to Turj with 
tike length of stroke, ooeqrdiag to the taHo'irmg iMe ^-^ 



Stroke. 


Speed <^ pistes. 


Stroke. 


Speed of pirton. 


Ft In. • 
4 

4 6 

5 e 

6 


Ft. -per min. ' 

204 
210 
»1« 
228 


Ft. fa. ! 

a ^ 

7 
IT 6 

a 


Ft-iJcriBiB. 
226 
231 
236 
440 



We may observe, that on the Thames the effective pres- 
sure is usually taken at 7 lbs., and on the Clyde at 7i lbs., 
which tends to make the nominal horse power of the 
Glasgow and Grreenock engines of somewhat less com- 
mercial value than those built in London. 



Distinction between Nominal and Beat Horses' Power, — 
It wOl be seen that the horse power thus calculated is irre- 
spective either of the actual pressure of the steam used, of 
the perfection of the vacuum in the condenser, or the 
amount of Mction arising from good or bad workmanship ; 
hence this rule, however useful in comparing the size of 
different engines, is a very imperfect guide to their actual 
powerl "We have thus two distinct values of horse power, 
which no one conversant with the steam engine ever con- 
founds ; the one, fixed and nominal, by which engines are 
bought and sold; the other fluctuating, though real, as 
shown by the indicator. To discover, however, the effective 
power, or the power actually available for the purpose for 
which the engine is used, a deduction would require to be 
made for friction of the moving parts and for the power 
required to work tlie pumps and valves, but as this would 
be nearly alike for well-constructed engiues of equal power, 
and no ready means exists of testing it, the total or indi- 
cator horse power is taken as the measure of the power in 
all ordinary cases. 
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JJh, of the Indicator for showing the Internal State of the 
Engine. — ^The indicator, moreover, tells us not merely the 
power exerted by the engine, but the nature of the faults 
(where those occur) by which the power is impaired. 
Thus, one form of the indicator figure, or '^ diagram," may 
show that the cylinder ports are too small, or that there is 
condensation in the steam pipes ; another, that the engine 
is drawing air ; or a third may show that the valves are 
improperly set. Let us take, for example, the accompany- 
ing imaginary diagram : — 




IKBIOATOS, Ain> STVAKOMXTSB. bU 

When the pencil is at the point marked a, the piston is at 
the commencement of its stroke, and the paper being made 
to move, the line is traced from a to 5 and thence to e, at 
which point the stroke in one direction is finished* At the 
p(»nt 6 the yaiye is being shut to prevent the further ad- 
mission of steam ; and while the line from 5 to c is being 
traced the steam is expanding, and its pressure consequently 
decreasing as indicated bj the £dling of the line. The line 
&om b to e, instead of being conyex, should be concave, as 
in the double diagrams, page 93 ; and it is thus discovered 
that the slide is in bad order from steam being admitted 
after it is shut. If the engine had been working expan- 
sivelj, and the valve been shut before the pencil had reached 
the point 5, the steam would have begun to expand at that 
point, and the line have begun to fall so as to indicate the 
degree of expansion in the most precise and definite manner. 
On the pendl approaching the point c, the valve is opened 
to the condenser, the steam escapes, is condensed, the pres- 
sure fails, and the pencil descends towards d. The action 
as here indicated is not very good, as the comer should be 
more nearly square. The piston now commences its return 
stroke, and the paper is made to move simultaneously also 
in the opposite direction, and the line towards e is traced. 
It is here seen to rise again towards the atmospheric line, 
thus indicating that there is some pressure increasing in the 
cylinder. Prom the form of the diagram at this point, it is 
gathered that the vapour remaining inclosed in the cylinder, 
afiter the communication with the condenser has been closed, 
is compressed, and exerts a pressure against the piston to 
aa injurious extent. As the pencil approaches /, the valve 
is opened for the admission of steam, and the pencil rises 
towards a, ready again to trace another diagram of what 
takes place on one side of the piston during another stroke^ 

To compare the EJiciency of different Engines by means of 
the Indicator.^— The following method has been successfully 
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adopted in compjuring ihd rektiTe eoooomf of performance 
of different Bteam engines b7 meaiui of their Indicsator 
Diagniaa. 

i^t, caleukte the gfoss indioitor horse power of the en* 
gine in the usual way, AS already deaeribed. Then draw on tihe 
diagram a pure vaeuum line at 15 Iba. lielow the atmoBpherio 
line ; and if, as is geperally the ease, the Adnction begina 
before the end of the stroke, continue upon tiie diagram 
the sloping line of the ea^ansion as if it had been uniform 
to the end of the stroke, as yepre3entedy tor instanee, at 
a, A, Pig. p. dd.* The pressure of steam thus fiaund at the 
end of the stroke (being ihc pressure above a pure VMr 
euum) may be called the ^^ Terminal" pressure. 

Now find the cubic eontents oi the ejlinder in feet, by 
multiplying the area into the length of stroke, and adding 
the *^dearance" of piston at top or bottom, and the steam 
apace in one port between the Yalve>*fiiee aod tiie inside of 
the cylinder. The contents of the cylinder at the ierminal 
pre$9ure must now be rodueed into the corresponding num* 
ber of cubic &et of ateam at the aimospheric foteanure, Thia 
is easily done by reference to the table of reJatiyeTolumes 
of ateam pressure given at page 206. If our cylinder, for 
example, have 165 feet of cubic contents, and the terminal 
pressure be 6 lbs. above a vacuum, we must emfdoy the fol- 
lowing proportion : — 

2988 (vol. corresponding to 6 lbs. preaaure) e 185. : : 1899 
(vol. correeponding to steam at atmospherie pressure) : 
103'5 cub. ft. of steam 9k» atmospherie pressure* 

^ There is in general oq diffioilty in coptii^aiDg (his line with ceilaBihit]^ 
bnt if there be a doubt as to where the eduction begins, take the diagram 
at any definite point, say at nine tenths of the stroke (after the v^iw has 
been certainly dosed to all farther admbsion of ateam), and complete the 
Agare t^ calcolating, from the pnsfure of iteain at this polot, what wovld 
be its pressure if expanded into the increased space at the end of the 
strokA. This wiU be readUy done by consnliing the Uble of x«l4t|f « to- 
Inmeg of 9team to pressure, giyea in the end of .the book. 



39iis ftmoont being xnuUipiieMi hj the number of ey- 
lindfira filled with stewn ia ^le vaxmte, wA the feodiust 
being divided by the gross indicator horse power m pne^ 
yioTisly calculated from the diagram, we thus obtain the 
number of cubic feet of atmospheric steam required by this 
engine to produce one horse power. It must not be for- 
gotten that the cylinder of eftch engine is filled twice with 
steam for each revolution of the crank shaft. 

The same simple process being gone through with the 
other engines under trial, qt with the same engijoe muler 
different circumstances of speed or expaafA0Si« e&id« a 
tolerably accurate method of comparing, in a general way> 
their relative efficiency. 

Example of C(dculat(on, — The fdlewing is the calcula- 
tion made from the diagrams of Pendope, 660 nominal horse 
power (Figs. p. 93.). 

The Diameter of cylind^ ia 91f m. 

Area of ditto 6593^5 sq. in. - 45^8 sq. ft. 

Length of tstroke 6 ft. 8 in., or with clearance 6*75 ft. 
No. of strokes per minute, 14. 
Gross indicator horse power for bo<^ engines, as per 
diagrams, 1383 H. P. 

Then, 45*8 area of cyl. in feetx 6'75 ft. length of stroke 
=309' 150 cub. ft. + 3*85 cub. ft. for steam space of port= 
813 cub. ft. of steam required to fill the cylinder once : or 
818 X 14 -> 4382 cub. ft. of steam used above or below each 
piston in each cylinder during tme minute. 
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Taking now from the diagrams the four terminal prea- 
snres corresponding to the top and bottom of eack c^lind^r, 
we hare, — 

4382 cub. ft. at 121bi, press. «3567 cnb. ft. at atmospheric press. 
Do. „ 13 „ „ b3841 do. ,, „ 

Do. ,, 15 ,, „ b4382 do. „ „ 

Do. „ 15 „ „ «4382 do. 

16172 cubic feet of steam at atmo- 
spheric pressure used per minnteby the two engines— or 161724-1333 
gross indicator horse power ■■12*13 cabicfeet of atmospheric steam per 
horse power per minute. 

Difference of Effect between throttling the Steam and cut' 
ting it off by the Expansion Valve, — An experiment made in 
this maimer to determine the difference of effect betw^n 
expanding the steam in the cylinder by a proper system of 
expansion, and merely shutting it off by the throttle valve 
when it is wished to work the engines to a low power, gave 
the following result : — An engine of the nominal power of 
400 horses was selected, and was first worked on the lowest 
grade of expansion, the steam in the boiler having its full 
pressure of 8 lbs. Under these circumstances, it was found 
that 10*87 cubic feet of steam at atmospheric pressu^ were 
consumed per horse power per minute, 

The expansion valves were then thrown out of gear, and 
the engines reduced by the throttle valve to exactly the 
same number of revolutions. It was now found that al- 
though the gross horsepower, as shown by the ^indicatory 
was almost identical in both cases ; la the latter case the 
power exerted was obtained at an expenditure of 14*72 
cubic feet of atmospheric steam per nunute, in place of 
1087 cubic feet, as formerly ; 3*85 cubic feet of steam per 
indicated horse power per minute being thus saved by the 
principle of expansion. 

It is apparent that this calculation will not give us the 
cause of any loss of effect by the steam escaping, or being 
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INDICATOR DIAGRAM FROM PENELOPE'S ENGINES. 

jrVhL STXAlf^ 14 KBYOLUTIONS, 650 NOMINAL H.P. 
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condeiMed in the |>ipe8, Sic.y whiob muai he eonght for 
when snspected, eithei* in the form of the indicator dia- 
gram, or by testing the engine for leakage of steam or air, 
as already explained. 

Dynamometer, — 'A Dyitamometeb is an instrument by 
which it is attempted to measure the force actually exerted 
in propelling a yessel. An excellent one, designed by JSSbr. 
Colladon of Geneva, has been erected in "Woolwich Dock 
Yard, by which the pull of any vessel made fast to it can be 
accurately measured. An instrument of this kind, but subject 
to maily disturbing influences, can be fitted on board screw 
steamers to show the thrust of the propeller shaft through 
a series of levers on a spring balance. The lever is sometimes 
made to take the pressure from the end of the shaft ; at 
other times, from a revolving frame with a number of fric- 
tion rollers in it, which wprks against a collar on the shaft 
at any paii; that may be most convenient. The lever or 
levers should have knife-edge centres, so as to work with 
as little friction as possible; and the rod connectrag the 
lever with the spring balance has a small sliding rod at- 
tached to it carrying a pencil. By the side of this rod is a 
small cylinder, round which a piece of paper is coiled, as in 
the indicator. This cylinder receives a continuous rotatory 
motion by means of a small band from the screw shaft, the 
motion being so regulated that the speed of the cylinder 
(round which the paper is coiled) may be considerably less 
than that of the screw shaft. The pencil is now brought 
into contact with the paper on the cylinder, and a zero 
line traced before the pressure of the shaft is allowed to 
act upon the lever. The pencil should now be disengaged 
from the paper, and the connecting rod of the lever screwed 
up until it is ascertained that the whole forward pressure 
of the shaft acts upon the lever, and that the shaft is quite 
clear of every other part of the machinery which might re- 
ceive a portion of tise pressure* iTpon the pencil being 



flgaiii brought isAo eo&tict with the paper, an unduktiiig 
lind ig described upcrn it, sliowitig the turiable thru«t of tite 
enginea upon the propter during the period of each rei^ 
lution. After the diagram is trae^ the paper is taken off> 
add eqttiditftant Mnee dratra at right angles to the sere line^ 
the tengths of theiie otdinatee ^ifi the etrne to the xero 
line, measured upon the ecale of pounds of the spring ba* 
lanee, gimg the acticm of the lever npon the balamee ai 
these placesv The nambers being then marked upon th% 
diagram, their sum taken, and divided by the number of 
or^aites for a laean, we shall have the force exerted on the 
kver^ which, besftg multiplied by the leverage, wiQ give the 
av^sfe forward pressure eterted hf the propeller shaft 
upon the vessel. If it be only a single lever that is used 
for Uie dynatfioiaetef , tbe le«^rage is of course found by 
ditidifig tl^ length fttm. the ful<mim to the point wlu»« 
the tod of the ^rifig batanee is i^taehed^ by the length be»> 
tweea the ftderum and the peint whieh rtjeeives the pre». 
«ure of the shaft ; but if it is a <!k)]npennd lever that is used, 
i^ltiply together aU the leng arms of the levers, and divide 
the pirodnet by the produet of all the short arms (measuring 
the leikgtb fi^om the ftderuin of each kver), and the qjstth 
l4^t is the lever&g** "When the forward pull or pressure 
in pounds has been fet^d, the number of horses' power msy 
l)e cateidsrted foY paddle<-wheel vsss^ attached to Mr, Col*. 
Ubn's maohine, by s&^iMplying 1^ vebeity of the eentre 
of effort of the paddle-board in feet per l^Sannte, by the totid 
pull in pounds, and dividing the product by 33,000. The 
centre of effort of a paddle-board may be taken at ^ of its 
depth from the outer edge. In screw vessels, the speed of 
the screw must be taken for the velocity* Experiments 
with this instrument when worked out in this way, have 
generally shown the effective to be about one half the gross 
indicator horse-power. 

Counter. — The CoTTirrEB is an instrument so contrived 
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by the aid of wheelwork that an index hand is moved for- 
ward a certain distance for every stroke of the engine, thus 
registering or " counting " the number of strokes an engine 
makes during a day, a month, or any given period. The 
construction of the counter varies much; in most cases, 
however, the wheels are moved round by a pendulum at- 
tached to some vibrating part of the engine, the wheel 
being carried forward one tooth for every vibration, and an 
extreme slowness being obtained by a differential motion. 

Extract from p, 291, Tredgold on the Steam Engine^ vol. 
ii. new edition, — " The CoimTBE. — To estimate the saving 
of fuel by the application of Watt's engines, an apparatus 
was attached to the beam to ascertain the number of strokes 
the engines made in a given time : it is called the Counter, 
and consists of a train of wheel-work resembling that of a 
clock, so arranged that every stroke made by the engine 
moves one tooth, and the index shows how many strokes 
have been made between the times of examination. The 
counter is enclosed in a box, and locked, to prevent its 
being altered during the absence of the observer. If the 
box be attached to the axis of the beam, the iadination of 
the beam causes its pendulum to vibrate every time the 
engine makes a stroke, and this moves the counter round 
one tooth for every stroke. The box may also be fixed to 
the supports of the beam, and then at every stroke a small 
detent is moved one tooth/' 
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CHAPTEE Vni. 

OlSr THE QUALITIES OP FITBL, WITH HOTTS FOB ITS 
SELEGTIOir. 

On the Qualities and Value of Djferent CocUe.—The fol- 
lowing observatioBK upon the qualities and economic values 
of coal from different locaUties, are condensed chiefly from 
the Farliamentarj '^[Report on Goals suited to the Eoyal 
Navy," dmwn up in the years 184^-49, by Sir Henry de la 
Beehe and Dr. Lyon Fkyfair. 

Much depends on the Conetruetion of the Boiler, — ^In esti- 
mating the eyaporatrre power of eoals, much must of course 
depend upon the constmetion of the boiler, and the manner 
in which the Axel is burnt on the grate. Thus, in Gomwali, 
where every attainal^ advantage is given to the fiiel by 
large heating surface, slow combustion, and prevention of 
loss of heat by radiation, the average evaporative value of 
lib. of coals may be taken at 10 to 11 lbs. of water, while 
in marine ttLbulsr boilers it rarely exceeds 8 to 8^ lbs. 
Ab evaporative power of 14 lbs. of water is the highest 
result theoretieaUy possible fcnr a good average sample of 
coal. 

Mr. WieksieeeFs Eaperimente.^'Mx. Wicksteed's experi- 
ments on this subject give the following results in pounds 
of water evaporated by one pound of coal, in land boilers of 
good construction, viz. i — 

Ib8. Ibf. 

Best Welsh coal . • 9*5 Average imall Newcastle 8*07 

Anthracite .... 9*01 Average Welsh • . 8*04 

Bep^ tmal} N«wea8t;le • 8-52 Avenge large Newcastle 7*66 

P 
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M. Cave's Experiments. — Some recent experiments on 
the evaporating power of cylindrical boilers ashore, made 
by M. Cave, of Paris, give a mean result of 8*2 lbs. water 
for 1 lb. coal. 

Description of the Boiler used in the Parliamentary Experi- 
ments, — The boiler employed for the Parliamentary Experi- 
ments was made on the Cornish principle, being cylindrical 
with flat ends, and an internal flue, within which the grate 
was placed at one end. The hot air and gases, after leaving 
the furnace, passed through the central flue to the other 
end of the boiler, where they divided into two streams, and 
returned to the front of the boiler, along the outside, by a 
flue on each side ; these two were then united again under 
the front of the boiler, and returned along a flue under 
the bottom of the boiler, finally entering the chimney, after 
a course of about 36 feet. The grate surface was five 
square feet, and the total heating surface of the boiler 
197*6 square feet. The boiler was worked under a pressure 
of from 1 to 3 lbs. on the square inch. 

Management of the Fire, — In the management of the fire, 
care was taken to supply the coals in pieces not exceeding 
1 lb. weight, and in quantities of not more than one or two 
shovelsful at a time spread evenly over the fire, except 
in the case of anthracite, and of highly bituminous coal. 
"With anthracite, it was found that the sudden application 
of heat caused the pieces to split and fall through the bars ; 
hence a gradual heating on the dead plate in front of the 
furnace (which in the experimental boiler was 10 inches 
wide) was found to be beneficial With the highly bitu- 
minous coals, also, a partial coking on the dead plate pre- 
vented their caking together on the fire, which would have 
impeded the passage of air through the bars. 

On Patent Fuels, their Advantages and Defects. — The Ee- 
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port states that as the varieties of patent fuel are generally 
made up in the shape of bricks, they are well adapted for 
stowage, so that though the specific gravity of patent fuels 
is lower than that of ordinary coals, yet, &om their shape 
and mechanical structure, there are very few coals that 
could be stowed in a smaller space per ton. While we look 
to the different varieties of patent fuel as of the highest 
importance, and from their facility of stowage as being 
peculiarly adapted for naval purposes, and perhaps even 
destined to supersede ordinary coal ; at the same time, the 
greater part do not appear to be manufactured with a 
proper regard to the conditions required for war steamers. 
It is usual to mix bituminous or tarry matter with bitumi- 
nous coal, and &om this compound to make the fuel. An 
assimilatiaii to the beet steam coals would indicate, however, 
the very reverse process, and point to the mixture of a 
more anthracite coal with the bituminous cement. As the 
greater part is at present made, it is almost impossible to 
prevent the emission of dense opaque smoke,, a circum- 
stance extremely inconvenient to ships of war, as betraying 
their position at a distance at times when it is desirable to 
conceal it. Eesides this and other inconveniences, the very 
bituminous varieties are not well suited to hot climates, and 
are as liable to spontaneous combustion as certain kinds of 
coal. To avoid these inconveniences some kinds of patent 
fuel have been subjected to a sort of coking, and thus in a 
great measure obtain the desired conditions. There is little 
doubt, however, that notwithstanding the large number of 
patents in operation for the manufacture of fuel, its value 
for the piu^oses of war steamers might be much enhanced 
hy its preparation being specially directed to this object. 
It will be seen by reference to the table, that the three 
patent fuels examined rank amongst the highest results 
obtained. ^ 

Kapid Corrosion of Iron Coal Bunkers^ — ^The retention of 

r 2 
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cdal in iron bunker, if tbeee are Wsxiy to bfe iufiu^dnced by 
mbifetttt©, sdS. espeekfiy "wheiQ by any accideiit wetted with 
sea-watier, wiQ caxtse a speedy cottosian 6£ *b& iron, with $ 
mpidity proportionate to its more or less efficient pxx>teo- 
tion from c&rroding inflaences. Tbis c^irosioai seems diie 
lo the action of oadbon, or csoal^, Arming with the ironi a rolr 
taic couple, and tb4i& promoting oxidatioQ* l^e actibn is 
Bimilar to that of the tuberculasr concreti(Hi8 wbieii appear 
on the ioside of iron water pipes when a pieec of carbon, 
not chemically combined with the^ metal, and in cohtaet 
Irith saline waters, produces a speedy corrosion. Where 
the " malce " of iwm shows ifc liable to be thtis corroded, a 
mechanical protection ifr geaaOTaUy found eaifficient. This h 
SCmetimies given by Eoma'ft cement, by a lining of wood^ or 
by a drying oil drmn into the porea of the zrofL under great 
pressure. 

GtMes evdvtd /mm Cd<d dmrm^ ^tpomre to the jUma- 
*^^re.<— Eecent researches im the gases evolred from coal, 
prove that carbonic acid and nitrogen are constantly mixed 
with the mflammable portion, showing that the coai most; 
still be uniting with the oxygen of the^ atmosphere, and 
entering into further decay. Instances have frequently 
occurred of men who had descended mto the ©oal box^ 
having been rendered insensible by the carbonic acid col- 
lected there. 

NaHeral Decay in Chtd, — ^Decoy is merely a combia*ion 
proceediDg without fiame, and is always attended with the 
production of heat. The gas evolved during the progress 
of decay in free air consists principally of carbonic add, a 
'gas very injurious to animal life. It is well known that this 
change in coal proceeds mo*e rapidly at an elevated tempe- 
rature, and therefore is liablf to take place in hot climal^es. 
Dryness is unfavourable to the change, while moisture 
causes it to proceed with rapi^ty. "When salphur ca^ iron 
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pyrites (a compoand of BulplhxQr and iron) is present in con- 
siderable quontit^r in a coal still changing under the action 
of the atmosphere, a second powerful heating cause is in- 
troduced, tmd both JEicting together may prodace what is 
Mei spontaneometmbwBtwm, TheJbtfaer «ause is in itself 
suffici^t, if i^eare be an ^masnaJi jxroportioaof sul^^ur or 
iron pyrites present, 

SpomtaneoHB Cbm5t(«luw*>*^The best method of prevention 
in all sueh cases 10 to ensure perfect dryness in the coals 
when t&ey are stowed away, imd to sekot a variety of fuel 
not liable to the progressive dacom|»osition to which allusion 
has been made. 

Advice in the SeUetum -tf Fnd.-^lt may be demraUe to 
sum up in a few words some of the principal points alluded 
to in this Beport. It has been shown that the true practical 
value of coals for steam purposefl^ depends upon a com«- 
bination of qualities which could only be eli<ated by care* 
fully and properly continued experiments. Their qualities, 
80 far as regards steam ships of war, may be stated as 

follows :— 

1 . ^e i^el shoEald bum so 4;hat steam may be raised in a 
short period, if this be desired ; in other words, it should 
be lAle to prodace a quick aolncm* 

2. It should possess high evaporative power, that is, be 
eapabie of convex^ing mixch water into steam with a small 
consumption of coal. 

3. Jt shouid not be ^bittnninous^ lest so much smoke be 
generated as to l)etray the position of ships of war, when 
it is desirable that this should be concealed. 

4. It should possess considerable cohesion of its particles, 
so thsd; it may not be broken into too small fragments by 
the consent attrition which it foiy expOTienoe in the vessel 

5. It should ^combine « considierable density with such 
mechanical stcubctuisi, that it may easily be stowed tiway in 
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small space ; a condition which, incoab of equal evaporatiTe 
values, often involves a difference of more than 20 per 
cent. 

6. It should he free from any conaiderahle quantity of 
sulphur, and should not pi«ogresflively decay, both of which 
circmnstanees render it liable, to apantaaeoufi combustion* 

All the Good Qualities are never united in one Coal. — ^It 
never happens that all these donditicMxs are united in one 
coal. To take an instance, antlwpacite has very high evapo- 
rative power, but not being easily ignited, is not suited for 
quick action ; it has great cohesion in its particles, and is 
not easily broken up by attrition, but it is not a caking 
coal, and therefore would not cohere in the furnace when 
the ship rolled in a gale of wind; it emits na smoke, but 
from the intensity of its combustion it causes the iron of 
the bars and boilers to oxidate, or waste rapidly away. 
Thus, then, with some pre-eminent advantages it has dis- 
advantages, which under ordinary circumstances preclude 
its use. 

By a due attention to these practical hints the com* 
mander of a steam vessel will be enabled to strike a balance 
between the good and bad qualities of the fuel offered him 
for -fiale, and to select that which appears likely to fulfil 
most of the conditions which his peculiar service may 
demand. 

Tables of the " Economic values of different coals and 
patent fuels ;" of the " Mean composition of average samples 
of the coals ;" and of the " Substances produced by the 
destructive distillation of certain coals," will be found at 
the end of the book. 

Wood used as Fuel in Steam Vessels. — ^When wood is used 
for fuel in steam vessels, it requires from 2^ to 3 lbs, (ao* 
cording to the degree of dryness) to equal one pound of 
coal. Wood tolerably well dried contains one fifth of its 
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own weight of water, in evaporating which about one 
quarter of the whole heat generated is absorbed ; peat, on 
the contrary, contains only from 1 to 3 per cent, of " hygro- 
scopic" water. 

Turf used as Fuel in Steam Vessels, — Turf has been oc- 
casionally used for fuel in. steam boats, though not hitherto 
with much success. Its calorific value depends wholly upon 
the degree of dryness to which it has been brought, and 
when kiln-dried it is found to have a strong tendency to 
re-absorb moisture ; so it should be used as soon after this 
process as possible. When burnt in a tubular marine 
boiler with 6^ square feet of grate bar and 280 square feet 
of total heating surface, it required 51 lbs. of good peat to 
evaporate one cubit foot of water, being about one sixth of 
the duty of coal. 
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CHAPTEE IX. 

OONSIDEBATIOIS^S AITECTtlfa THE SA.TE OP COTSt^VUPTlOV 
OP THE PUEL IN JL STEAlI VESSEL. 

Rate of Conmm^tum <rf^ Fuel in a Steam FeseeL — ^The 
rate of conenmiption of the fuel in a sea-going steamer is a 
eonsideraijioii of l^e first itnportaQce, not merelj as it re- 
gards the question of expense, but also as it affects tiie 
eapabilxtj- of the vessel for ineroasing the length of her 
voyage under ateam, as well as her 8af(^ in oase of unusual 
detention from adverse weather. It is proved alike by 
theory and experience, that under ordinary circumstances 
of weather, a vessel will steam fturther with a given quantity 
of coals, by using only a fraction of her steam power, than 
she would if going at full speed. Theoretically speaking, 
the slower the vessel's speed, the greater the economy of 
fuel, provided always that no steam escape from the safety 
valve, or is otherwise wasted; but if her progress be op- 
posed by contrary winds and currents, the engines should 
of course exert sujflSlcient power, not merely to preserve her 
position, but to give forward motion if possible. 

Steaming against the Stream. — In this case it is found 
that the power is applied most economically when the vessel 
steams half as ia^t again as the velocity of the opposing 
stream or current. Thus, if the vessel be steaming up a 
river, or in a tide way where the current runs at four knots 
an hour, her speed should then not be less than six knots. 

Natural Law regulating the Speed of a Steamer, — These 
results chiefly depend upon the natural law that the power 



expended in propelUng a steam ship through the water varies 
as the cube of the velocity. This law i3 modified by the 
retarding effect of the iucreased resisting surfaoe^ conse- 
quent upon the weight of the engines and fuel, so that 
tbe horse power increases in a somewhat higher mtio than 
that ttiuned. 

Lindt imposed to the Possible iS?p«</.'— This consideration 
imposes a limit to the possible speed of a steamer, depend- 
ing upon the weight of the machinery and fuel which it 
can oariy, relatiyely to its dimensions and tonnage. It is 
apparent also that this limit is extended according as the 
proportions of the engines and vessd are increased, for the 
larger the engines tbe less is their weight per horse power, 
and the greater is the eiSfect of the steam in the cylinders ; 
while the larger the vessd, the less is the resisting surfiice 
increased by the displacement of each additional ton of 
machinery and fuel. 

To find the Speed corresponding to a Diminished Consump- 
tion of Fuel. — Hence, if a vessel of 500 horses power, we 
shsdl suppose, have a speed of 12 knots, with a consump- 
tion of 40/tons of coal per diem, if we wish to find the 
speed corresponding to a diminished consumption of 30 
tons per diem, the following simple calculation is re- 
qmred, viz. : — 

40 : 30 : : 12« : V" (cube of the required velodty), 

Or, reduced, 4 : 3:: 1728 : V, 

As an equation, 3 x 1 728 >« 5184 »» 4 1^, 

Or, 5184- 

4 

nXi296=10*9©2 knots «V, required velocity. 

Thus, by diminishing the horses power, or the consump- 
'tion of fiiel, of this vessel by one fourth, we lose only a 
little more than one knot per hoar in the resulting speed. 

F 3 
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The same calculation may be applied for comparing 
the effects of engines of different power in the same 
vessel, or of the same engiaes when worked at reduced 
power. 

The results thus obtained are of course Independent of 
the additional advantage gained by expanding the steam in 
the cylinders, which in the case of large engines working at 
low powers, is very considerable. 

To find the Canmmptim of Fuel corresponding to an In- 
creased Speed, — Again, if we find that the speed of our 
vessel has advanced &om eight knots (we will suppose) to 
nine knots, in consequence perhaps of her having received 
new boilers, and using more steam in the cylinders, and we 
wish to find the corresponding increase in the consumption 
of fuel, the following calculation will be necessary, viz. : — 

8' ; 9^ : : fonuer consumption : present consumption, 
512:729:: „ : „ 

Or, in the ratio of 1 to 1'424. 

Relation between the Consumption of Fuel, and the Length 
and Velocity of the Voyage, — ^Again, the consumption of fuel 
during two or more voyages of known lengths will vary in 
the proportion of the square of the velocity multiplied by 
the distance traversed. 

Thus, if we find that during a voyage of 1200 miles, per- 
formed at the average speed of ten knots, the total con- 
sumption of fuel is 150 tons, and if we now wish to ascertain 
the consumption for a longer voyage of 1800 miles (we will 
suppose), at a reduced speed of eight knots, the calculation 
will be as follows : — 

150 tons : C required consumption ::103 knots x 1200 miles : 8' 
knots X 1800 miles. 
Then, C x 100 x 1200^=150 x 64 x 1800,* 
Or» C X 120»000-> 17,280,000 

1728 ' 

Reduced to C« -r^- —144 tons consumption. 
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Kf on the otlier hand, we require to know at what rate 
they^Bsel must steam in order that her consiunption during 
the longer voyage of 1800 miles may not exceed her pre- 
Tious consumption of 150 tons during a voyage of 1200 
miles At ten knots an hour, the calculation will be as 
follows ; — 

If we substitute 150 tons (our supposed consumption) 
for Cf in the equation above, marked thus*, and V^ (^j^© 
square of the required velocity) for 64, we shall then have, 

150 X 100 X 1200«150 X Y«x 1800, 
Or, 120,000 = 1800^3, 

Reduced^ ^'='^*' 



And V=: n/66-66=8'15 knoti. 

Economy attending a diminished Speed in the FesseL — 
These examples all show the great economy which attends 
a diminution of speed in the vessel ; and although in the 
case of merchant steamers, the loss of time is generally too 
serious a disadvantage to admit of any permanent reduction 
of speed, much benefit has resulted to ships in the Royal 
Navy from the judicious husbanding of the fiiel in this 
mamier, whether it be to meet the requirements of an 
unusually long run, or merely to save coal when the vessel 
is employed on a service not demanding extraordinary 



Use of Sails of a Steamer. — The steamer's sails, also, form 
a most important addition to her capabilities, as for each 
knot that the vessel is propelled by their aid, as much fuel 
is saved as may afterwards propel her the same number of 
knots in a calm. The sails should therefore be set upon 
every occasion of a fair wind, and according as it is more 
or less favourable, so should the steam be more or less cut 
off and expanded in the cylinders. By this means we avoid 
the unnecessary consumption of dense steam, which would 
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oftherwise be used At a 'disadyantsgd, for it is evident tl&t 
hoirerer little tke engmes may aamifit in pi?opedling the ship, 
they must nevertheless work yery fust in order to orexti&e 
ike yessers speed gwneorated by the sails aloue, aad two 
cylinders AiH of steam must always be used for each 
revolution. 

IHscanweeHng ^e Engines, — ^Hence, wfaai a moderate 
speed is attained by the sails alone, it la more econoniijcal 
(though otherwise not always to be recommended) to stop 
the engines entirely, and disconnect the wheels or screw 
when practicable, suffering them to revolve freely in their 
journals by the re-action of the water. When, on the other 
hand, the wind and sea are adverse, the full power of the 
engines must be applied, every knot gained being now of 
double value. 
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CHAPTEE X 
fRO:^imxnrs to m anrxK to tss paddi.^ whbeIt ^jstd- 

BClmW P1kOM!£X]!B, AlfB ffHX KAJBOnSE OF XHSiR AF- 
PLICATZOXT IK TSB TESSXL. 

Varieties of the Paddle Wheel. — ^With regard to Padblb 
Wheels, it is believed tliat the connnon wheel, if properly 
proportioned and allowed the proper degree of immersion, 
is preferable, under ordinary circumstances, to any of the 
"improved** varieties which have from time to time appeared. 
Of these, the only one which can be recommended, and 
that only under peculiar circumstances, is Morgan's feather- 
ing wheel, by the use of which the boards may be made 
deeper, ^tnd therefore narrower than in the common wheel, 
and the diameter may be somewhat diminished ; but it is 
objectionable from its weight (which is nearly twice that of 
the common wheel), from its complexity and consequent 
liability to derangement, and from its considerable addi- 
tional expense. Mr. field's ** Cycloidal " wheel, in which 
the paddle board is divided into steps with an open 9pace 
between, can hardly claim any superiority over the undi- 
vided board, but the simple modification of this plan, formed 
by dividing the board into two breadths, and placing one on 
either side of the paddle arm, is probably the best form of 
^heel that can be adopted for large steamers. 

Vafiahle Immersion the Grand Objection to the Paddle 
Wheel, — "We have already hinted that the grand objection 
to the paddle wheel is the unequal " dip " or immersion of 
the boards, consequent on the varying draught of water, as 
the coals and stores continue to be consumed on the voyage. 
A. vessel, for instance, with a displacement of 12 tons per 
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inch at the load line, burning perhaps 460 tons of coals 
during a long run, will swim 3 feet 6 inches lighter, from 
the consumption of the fiiel alone, at the end than at the 
beginning, so that it is only in the middle of her voyage 
that the wheels can have the dip best calculated for them. 

^ The most advcmtageotLS^ Dip. — ^The moat advantageous dip 
varies with the diameter of the wheel, the speed of the 
vessel, and the service in which she is employed, aa for sea 
or river navigation. Sea-going steamers of the first class 
are usually allowed 18 to 21 inches of water over the ver- 
tical float at the mean draught ; and smaller vessels may 
have 12 to 15 inches. It is usual in the case of fast river 
boats to allow only an inch or two over the boards, when 
the wheels are large. "When the wheels are too deeply im- 
mersed, they may sometimes be " reefed " by disconnecting 
the boards, and securing them nearer the centre. 

The ''Slip'' of the Paddle WheeL-^-The "slip" of the 
paddle wheel, by which is meant the excess of its velocity 
above that of the vessel, is usually reckoned at one fifth 
(or 20 per cent.) of the vessel's speed, the wheel being sup- 
posed to be well-proportioned, and the water lines of the 
vessel tolerably good for speed. 

Explanation of Table of Velocities of Paddle Wheels, — 
As it is of considerable importance to observe and compare 
the slip of the wheel under different circumstances, or in 
different vessels, we have prepared a table of velocities of 
paddle wheels of varying diameters and speeds, in feet per 
minute, and miles per hour. The " effective diameter " of 
the wheel may be reckoned by subtracting one-third of the 
breadth of the boards from each end of the extreme dia- 
meter. This subtraction should therefore be made before 
referring to the Table given in the Appendix. The rule 
for finding the velocity of a paddle wheel, when its effective 
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diameter and number of reyolutions are given, is the foi-- 
lowing : — 

Multiply the diameter by 3*1416, multiply the product 
by the number of revolutions per minute, multiply the last 
product by 60, and divide by 5280 for the velocity in statute 
miles, or by 6082*66 for knots per hour. 

The Table referred to will be found at the end of the 
book. 

Area of the Paddle Boards, — ^In proportioning the area 
of the paddle boards we must take into consideration the 
estimated dip of the wheels. By taking an average of the 
practice with regard to large sea-going steamers, we find that 
the whole paddje-board surface for the two wheels is be- 
tween 2\ and 3 square feet per horse power; but for 
steamers with a lighter dip, from 4 to 5 square feet are'al- 
lowed. The surface of each board, for large vessels, rarely 
exceeds one twenty-fifth of the total horse power, in square 
feet ; but increases as the dip and diameter of the wheel 
diminishes, to about one fifteenth : while for river steamers 
one tenth of the total horse power is a usual proportion* 
A long narrow board is more effective than a short and 
deep one, but is inconvenient, especially in sea-going ves- 
sels, from the increased breadth of the paddle box. Thus, 
m large steamers, the proportion of depth to length varies 
from one fourth to one fifth, but in river steamers the 
board is generally about seven times as long as it is broad. 

Liaconneeting the Paddle Wheels, — As it is frequently 
desirable to disconnect the paddle wheels from the engines^ 
and permit them to revolve in their bearings while the ship 
is under canvas, several kinds of disconnecting apparatus 
liave been employed for this purpose. 

Description of Braithwaite^ s Disconnecting Apparatus. — 
Braithwaite's apparatus is represented in the subjoined 
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wDod-cut, and it may be tliiis described. A cast-iron disc, 
a, is keyed on the end of the paddle shaft, b, and a strong 
wronght-iron hoop, e c, lined with brass to diminish the 
friction, surrounds and slides over the periphery of the 
cast-iron disc. At one side of this hoop, at dy a projection 
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is forged, in which the eye is bored for the crank pin, and 
at the other side the hoop is swelled out to receive a brass 
cushion, e, inserted between the hoop and the cast-iron 
disc. Now, when this cushion is driven hard and tight 
against the periphery of the disc, by mieans of a strong key, 
/f the friction between the hoop (in which the crank pin 
is fixed) and the disc on the paddle shaft becomes so great 
that the former drags round tilie latt^, and thus commani- 
cates motion to the wheels. These are again disconnected 
by driving back the key, and by this means loosening the 
friction cushion, when the hoop and the disc revolve each 
independently of the other. 

This apparatus is by no means perfect, and gives much 
trouble at sea by the slipping of the hoop, notwithstanding 
that the key may have been driven as tight as possible. The 
ho<^ has also itself frequentiy given way, as the forging is 
a difficult one to make perfectly sound. 



UASKBJL OE APBUCATZOZr. 



113 



Muudday^B. — Messrs. Mandalay and !Field adopt the plan 
of sliding the paddle shaft, with the outer onink upon it, 
oat of the orank pin^ using for this purpose a worm wheel 
aad cogged eoUar an the shafts worked from the deck. 

Seaward'B PZirAi-^MeBsrs^ Seaward form the pin end of 
their outer crank with a slot out out of the thickness of 
the boss on the inside, the breadth of the siot being equal 
to the diameter of the pin, which is held fast by square keys 
in the boss while the engines are working. When it is 
wi^ed to disconnect the wheels, the engines are stopped, and 
the keys withdrawn, when the boss of 1^ outer crank clears 
and pafsea the pin by means of the slot, as the wheels re* 
Tolye in their bearings from the xesistanee of the water. 

The tSerem Fropdhar. — An idea of a screw may be given 

by 8U|^osing a line or thread 
wound round a cylinder, and 
•advancing along it in the di- 
rection of its length by a gra-^ 
dual and equal rate of pro* 
.greasion. This thread may 
^be of any diape, either trian- 
gular, as in many cases, or it 
omy be in the form of a thin 
plate of metal kept upon its 
edge, aad wound round a cy- 
linder of so small a diamet^ 
that it would no longer be 
called a cylinder, but would 
become a mere rod or spindle 
in the centre. This will pro« 
bably be best understood by 
reference to the annexed dia* 
gram, which represents one 
thread of this kind wound 
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round a spindle, and this is called a single-tlireaded screw. It 
will be at once evident that two, three, or more threads, if 
kept uniformly parallel to each other, may in the same man* 
ner be wound round' the cylinder, and there is then produced 
a two-threaded or three-threaded screw accordingly. The 
properties of a screw of this kind were first intestigated and 
made known by Archimedes* 

The Pitch of a /S^ereiiJ.— Supposing that a line 'is drawn 
along the surface- of a cylinder in the direction of its length, 
and that a line or thread as before is wound round it, the 
distances between the points where the thread crosses the 
longitudinal line, and which are always the same, is called 
the pitch of the screw. . 

The Slip of a Screw. — If a. sera w be made to Tevolve in a 
solid, as a carpenter's screw in wood, it is evident that it 
will progress in the direction of its axis the distance of its 
pitch for each revolution, the latter portions following ex- 
actly in the course cut by the preceding or first entered 
portions of the thread. If, however, it be made to revolve 
in water, which is a yielding medium, the water will to some 
extent give way, and the screw will not progress the full 
amount of its pitch, this deficiency in its progress being 
denominated the slip of the screw. 

Anomaly in the Performance of the Screw, called " Negative 
Slip J ^ — There is an anomaly in the performance of the screw, 
namely, the well-authenticated presence of "negative slip," 
as it has been termed, or the fact of the vessel actually igoing 
fiister than the rate at which the screw which propels it 
would advance if revolving in a solid. The explanation offered 
is, that the vessels in which this occurs have their after lines 
so badly formed for closing the water, that instead of the 
hull passing through the fluid with so little disturbance as 
scarcely to affect its condition of relative rest, a large body 
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of " dead water*^' is created, whicli followa^the vessel, being 
towed (as it were) in her wake. An opposing current, and 
therefore an increased resistance, is thus offered to the ac- 
tion of the screw. This seems to have the effect of anni" 
hilating the slip, the vessel appearing to outstrip the 
propeller by virtue of its ad^aucing through still water 
(relatively to its own motion), while the screw revolves 
againBt an opposing stream. It caimot be supposed that in 
such a. ease the power of the engines is economically ap- 
plied, as a much larger portion of the power is expended in 
towing the dead water against which tiie screw re-acts, than 
is afterwards recovered by the increased effect of the screw* 
Thus, if the rate of progression oi the screw be 10 knots 
through a solid, and if a current flows against it at the rate 
of three knots, this will be equal to a real progression of 13 
knots for the screw, and we need not be much surprised 
if the speed of the vessel, imder these circumstances, ex- 
ceeds the apparent speed of the screw by perhaps one 
knot per hour. Anomalies of this kind most frequently 
occur in auxiliary-screw steamers, where the vessel, after 
attaining a high velocity by sails alone, still continues to 
derive additional assistance from the screw, although its 
speed may not equal that of the vessel. 

Bragging of the Screw. — In such vessels, therefore, it 
does not always follow that the engines are no longer use- 
&1 after the speed attained by the sails is equal to the 
progression of the screw, but the engineer should under 
these circumstances watch the thrust of his propeller shaft 
very narrowly, as there must be a limit to this in all vessels 
carrying a large spread of canvas. If he find the thrust to 
cease, he will then know that the screw is " dragging," and 
will recommend his commander to discontinue the use of 
the engines as being no longer serviceable. Direct evi- 
dence of the screw " dragging " has been obtained by the 
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iSwjt of a pTopeBe/ having been canned away by the Btram 
brought upon it from the yelodty of the ship due to the 
sayis exceeding the velocity of the screw. The rupttii^ in 
iAis case cleariy showed that tha bkdd, which was of iioa 
plafce riveted upon a w]x>ught*iroii ami^ T^as torm off dtfc** 
ti»ai*<f!9 by the drag brot^ht «pon it. 

IHiconneetit^ike Sen^.^^lt is uanal in the GkweriHiient 
service to provide ikieans for withdrawing the driving shaft 
out of a socket in the screw ahaft, far the purpose of dis- 
oonneeUng the serew and raising it entirely out of the wa.ter 
when the ship is under canvas. This is effeeted hf having 
a hollow trunk constructed ovier it in the stem of the veasel, 
into which the screw is lifted by proper machinery, the outer 
screw shaft fitting into a vertical frame of gun metal which 
rises along with it. This will be best rmderstood by refer- 
ence to the frontispiece, which is a section of the stem of a 
vefiselso fitted. In soraie vessels, the screw is only capable oi 
being disconnected from the engines, and left free to revolve 
by the action of the water upon it, from the motion of the 
V€>sseL Contrivances hav^ also been introduced to fdace 
^e blades in a fore and 'aft dii^etion, so that they may 
lie within the dead wood of the vessel, fflid j^veseaa^ no 
projecting surface to impede her progress, or affect her 
fl(ceering« 

The PropeUing Pomer cf the Serew.-^TS the spindle of the 
ftCMW (see ^g, in page 113) be supposed to be passed through 
the side of a box filled with water, and made to levolve there 
without the power of moving in; the directian of its aos, it wiU 
send the water away from it witfch a certain amount of fof ee, 
and hence, as aeticai and reaction are always equal, the screw 
is pushed forward with this amoont of force ; and, if it were 
attached to a ship, t^e ship would thua be propelled. The 
reverse of tjhas action would take |>lace, and the ship would 
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be ptiled backMror^s^ if ihe aqrew wew made to revolve in 
the opposite direction. Vtoso. tlie number of revolutions 
wbidi a screw propeller of a kxiown pitek makes in a minute^ 
the progress whieb it would make in an hour is calculated ; 
and, if the ETpeed of the ship be found by observation to be 
less than this, the difference is the slip. 

Bixfpianatim cfthe Term ** Screw Blade.''— IS the screw 
(see fig. in page 118) be ent into any number of portions by 
planes passing across it at right angles to the axis, whxehwoukL 
be represented in l^e figure by lines, any one of the portions 
would have the appearance of the vane of a windm^ ; and, 
if the screw were twe-threaded, the vanes or Wades would 
be exad^ opposite each other<. If a sixth part of the lengi^ 
of the serew be marled off in the plate, it will be seen thal^ 
the pairt w^ then resemble one of the blades of the screw 
p9X)peler represented m its- plaee isi the vessel in ^te horn- 
tispieee, the latter screw however beiajg two-bkded- 

Tc^Jthd the Fitch of a iSerew J^ade^-— This operation pro- 
eee<fe upon the fa(^ that if a line representing the ciroum- 
ferenee of the screw'^s dn»d at its extreme diameter, and 
another representing the piteh of the screw, be drawn at 
right angles to each other, to a scale of parts^ the hypo- 
tkenose of this right-angled triangle wil represent the length 
of the winding thread. Jifter measuring the diameter in 
order to find the <drcuiiiferenee £rom it, the length of the 
VkSs along its periphezy is to be measured; this bemg a 
portion of the hypoUienuse of the triangle whose sides we 
^nsh to determine ; theao. measure the distanee that one 
comer of the blade is before the other in the line of the 
ftxis, and this being a portion of the pitch is a part of 
another side of the triangle. Now two sides of a right- 
KDgled triangle being known, the third csan be found in this 
ease by subtraetuig the square of the side from the square 
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of the bjpotlienase and finding tlie square toot of the re- 
jnainder, and the dimension so found will represent a por- 
tion of the circumference. And now, as this portion of the 
droumference is to the whole circumference, so is the por- 
tion of the pitch as measured to the whole pitch. 

Introduction and Progress of the Screw Propeller, — ^Having 
thus endeavoured in a popular manner to give an outline 
of what a screw propeller is, it may not be uninteresting 
or out of place to trace shortly the introduction and pro- 
gress of screw propulsion. Dr. Shorter, a practical me- 
chanic of this country, succeeded in propelling a vessel by 
a screw in 1802 ; but, as no power was at that time known 
capable of driving his propeller with proper effect, it fell 
into oblivion. The first introducers of Watt's steam engine 
for marine purposes adopted the paddle wheel; and its 
finiccess, with such an agent to drive it, seems for a time to 
have drawn off the current of invention entirely from sub- 
merged propellers. Though other patents had been taken 
out, it was not inll Captain Ericsson and Mr. E. P. Smith 
brought out their experimental vessels in 1837 that any real 
progress was made. Captain Ericsson's small vessel of 45 
feet in length and 8 feet beam, and drawing only 2 feet 3 
inches of water, towed the American ship Toronto, of 630 
tons burthen, on the Thames, on 26th of May, 1837, at the 
rate of 4f knots per hour against tide, as authenticated by 
the pilot : and also towed the Admiralty barge, with their 
Lordships, from Somerset House to Blackwall and ba6k at 
the rate of about 10 miles an hour. To Captain Ericsson's 
anxious application, and after his pointing out the many 
advantages of a submerged propeller for vessels of war, he 
received the discouraging reply that their Lordships de- 
clined to entertain the project. Later in the same year 
Mr. Smith made some very successful trips with his small 
boat and screw propeller between Margate and Samsgate. 
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The next scsrew vessel vtblb the BobeTt Stockton, in 1839, 
built for an American gentleman who had witnessed Cap- 
tain Ericsson's experiments and taken a favourable and 
correct view of them. This vessel was eminently success- 
ful ; but the designer, finding himself still unable to move 
the Board of Admiralty, left this country for America^ 
whither this vessel had proceeded, determined to prosecute 
his invention there. In the mean time some influential 
mercantile men had connected themselves with Mr. Smith 
with the view of purchasing his patent ; and the Archi- 
medes, a vessel of 232 tons and SO-horse power, was brought 
out in 1840.* The success of this vessel was complete, and 
the publicity given to ber performances by her spirited 
owners, who took her round Great Britain and showed her 
powers in every port, rendered the capabilities of the screw 
no longer a matter of doubt. The Board of Admiralty 
having received most favourable reports Of the perform- 
ances of this vessel from Captain Chappel, who had accom- 
panied ber on this vc^age, and from Mr. Lloyd who had 
witnessed her performances in making several trips between 
Dover and Calais in competition with the mail steamers 
then running, now ordered tbe Eattler to be built on the 
same lines as the paddle-wheel steamer the Alecto, and with 
engines of the same nominal horse power. The next screw 
vessel to be noticed whose performances influenced the pro- 
gress of the screw as a propeller is the Dove, constructed 
at Liverpool, of iron, under Mr, Smith's direction. The 
speed realized, however, was not equal to what was expected 
if she had been fitted with paddle-wheels : the owners were 
in consequence dissatisfied, and ordered her to be altered as 
quickly as possible to paddle-wheels. She was built vdth 
very fine lines abaft ; and, most unfortunately, from this 
circumstance, and from some experiments in the Archi- 
medes which had proved the possibility of negative slip, 

* See Appendix P. to Tredgold on the Steam Engine, 4to. 
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Mf. Smith, and l^ose witlti hiin <m whose judgmextjk as men 
of scienee he relied, took up the idea that fiill stem lines 
weire the most adyantageous for the screw. The Satiier 
was now tried; and, after hmr trials had ftiUy satisfied the 
Board of Admiralty, they ordered the construction of several 
aidditional screw vessds, and Mr. Smith inculcated his viewB 
in fayour of full stems u^on their diS'i^rent oonstructorfl. 
This was finally proyed to be erxoneous, assd that a fine run 
with a ready aecess for the wat^ to the screw, aaid as dear 
an escape far it abaft as possible,, was absolutely neeessaiy, 
and the whole of these vessels had to be altered at gre^ 
cosk In the mean timie^ the screw haA risen most rapidly 
in feivour with the puMic^ and fast vessels had been con- 
atrueted by Mr. Slaughter^ of Bristol, with Wood^oft's 
patent screw, and by othec parties^ as well as sey^ral aiiz- 
ihary screw yessek.. 

Farietu» of the Screw Propeller* — A. great yari^ of 
paitents for screw propellers were taken out, not only before, 
but also krgely sinee the- success of Captain Ericsson and 
Mr, Smith; but it is proposed here to refer only to those 
which hare been found' sucoessfal on trial, and which seem 
to {a*omis& to be of any practical utility. The pz^pellers 
Conned of portions ci a true gKorew, have be^L akeady de- 
scribed; and of these Smith and Ziowo claim to be the par 
tentees ; the latter party haying taken out a patent in S^ 
tember, 1838, for the uee of ^ue or more screw blades^ 
simitar to^ what ar& now genendly employed. 

JFooderoft's Screw. — Pfofessor Woodcroft, in his pat^it <rf 
1882, prior to Captain Ericsson and Mr. Smith, proposed a 
screw of such construction that the pitch or distance be- 
tween the reyplutions of the thread should continually in- 
crease through its whole length, with the view that the 
after part might act with greater efficiency on the water 
that had been previously acted upon Ixy the foremoat part. 
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He fell into the error, into wHcli Mr. P. P. Smitli also 
subsequently fell, of supposing that one full turn or more 
of the thread was requisite to make an efficient propeller ; 
and no practical progress was made with his invention, 
till the first experimental vessels already referred to had 
been tried and found to be successful. Woodcroft then 
reduced the length of his screw to that of Lowe's blades, 
and a trial was made with it in the Rattler, when the fol- 
lowing results were obtained, in comparison with a pro- 
peller of similar proportions, but whose blades were portions 
of a true screw : — 



True Screw. 

18th of March, 
1844. 



Woodcro/t's 

Screw, 

13th of April, 

1844. 



Namber of Blades . . . 
Diameter of Propeller . 

Length of ditto 

Pitch of ditto 



Strokes of the Engine per minute . . . . 
Mean pressure of Steam, by indicator 

Horse Power, by indicator 

Speed of Ship 



4 

9 ft. Oin. 

1 ft. 7 in. 

lift. Oin. 

26-28 
14-38 
459 
8-180 



4 

9 ft. Oin. 

1ft. 7 in. 

lift. Oin. to 

11-55 ft. 

24*152 

14-57 

428-76 

8-159 



To compare these results, we know that if both propellers 
were equally efficient, the speed should be as the cube roots 
of the powers exerted ; — now if 459-horse power gave a 
spqed of 8'180, to find what speed 42876 ou ght to g ive, we 
must use the following proportion, iJ/459 : v' 428*76:: 8-180 
: 7-9962. But instead of 7-9962 knots, Woodcroft's screw 
with this power gave a speed of 8-159, or nearly i knot 
more, thus proving its superiority to this extent in this 
case. 



Ericsson's Propeller. — Captain Ericsson's propeller con- 
sists of a number of blades fixed at a distance from the 
axis upon the periphery of a short cylinder, or ring of 
metal, the ring being united to the axis by two or more 

G 
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arms. It is here represented. Both M. Carlsund and M. 
Sorenson of the Swedish nayy are using a 
similar screw, but with the ring on the 
periphery or exterior of the bhides. The 
blades and arms are segments of a screw, 
and there is nothing to prevent this being 
a most efficient propeller. It seems to con- 
tinue in favour in America and in France ; 
but the great objection to it in this country- 
is the difficulty of removing it, or preventing 
-p it from retarding the vessel when she is 
placed undeir canvas. Captain Ericsson at 
first used two of his propellers acting in 
combination, but he soon found that one 
was sufficient. 

Maudday^s Feathering Screw. — This screw- 
is represented in the opposite page. The 
object sought to be attained is, that the blades, whenever 
the vessel is put under canvas and the screw not required. 
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MAUDSLAY'S FEATHERING SCREW, 

Ut InpotitUmfor tue oi a PrtpeUer, 

2nd, InpotitUmfor tailing vnikr eoncat alone. 
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should he placed in a direction parallel with the line of the 
keel, and so form as it were a portion of the dead-wood, 
as they cause considerable obstruction if permitted to re- 
main fixed in their position, or even though they be discon- 
nected from the engine and allowed to revolve. In auxiliary 
sailing vessels not fitted with a trunk or aperture for the pur- 
pose of raising the screw out of the water, this is particularly 
valuable ; but it will also be found useful in men of war, by 
lessening the width of the trunk through which it has to rise, 
if this be desired ; and also by the facility which it gives in 
emergencies, for placing a vessel quickly under canvas, or 
under steam, vsithout requiring the aid of the crew ; and also 
for placing the vessel under canvas when it may not be pos- 
sible to keep the engines at work, from their having been 
injured by shot or any other cause, and when it may at the 
same time be imperative to keep the screw down in its place 
to permit the stern guns to be used over the aperture of the 
trunk. 

HodgsofCs Parabolic Propeller, — This propeller is con- 
structed vrith two blades, placed at an angle to the centre 
line of the axis, but differing essentially from the blades of 
a true screw, or of Woodcroft's screw, in their being hollow 
on the face, and being bent backwards in such a form as to 
be portions of a parabola. It is now much adopted in 
Holland. The peculiar principle of this propeller lies in 
this, that whereas the line of the action of other propellers 
upon the water is parallel to their axes, and the particles of 
water when driven off assume the form of a cone diverging 
as they recede ; the water acted upon by the parabolic pro- 
peller, when driven off from each blade, is projected by the 
nature of the parabolic curve to its focus in the line of its 
axis. The water is therefore forced towards the centre, and 
exerts a greater amount of resistance, from its not being 
so readily thrown up to the surface in the line of least 
resistance, where it escapes'in the form of broken water. 
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Macintoshes Elastic Propeller, — This propeller is con- 
structed with flexible blades of steel, in such a manner that, 
when made to reyolve, the action of the water in pressing 
against them to propel the yessel bends or springs their 
faces back, so as to make them approach nearer to i 
disc at right angles to its axis ; and it is understood that 
Mr. Macintosh, if he could construct his blades to be so 
very flexible, would desire that they should be so bent as to 
assume this form when reyolving at their highest Telocity, 
In this case the propulsion of the yessel, instead of being 
obtained on the principle of the screw, may be looked upon 
as being obtained by the elastic spring or tendency of the 
blades to recoTcr their form, thus keeping up a constant 
pressure upon the water behind them, and forcing the vessel 
forward. The higher the velocity of revolution is, the 
more the blades will be bent back, and the greater will be 
their propelling force, until they assume the form of a disc, 
when any fiirther velocity would cease to produce additional 
effect. 

Comparison of the Flexible Propeller with the Action of a 
Fish» — The tails of three fishes — salmon, mackerel, and her-. 




^- - ^_. 
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ring — that swim at liigh vdocitieB are here represented; 
and, if the mode of their action be considered, it is con- 
ceived that it will be seen to resemble that of Macintosh's 
propeller more than that of the Archimedean screw. When 




the tail of the fish is moved to the right, the web, or thin 
finny part, is bent to the left on account of its weakness in 
comparison with the stronger parts near the body ; and it 
is conceived that it is from the water pressing upon this 
oblique portion, while it keeps it bent back in opposition to 
the force exerted by the fish to send it to the right, that the 
motion is obtained. 



In the Application of the Screw, fine After-lines are in- 
dispensable, — ^With regard to the application of the Screw 
propeller, it is now well understood that the after-lines of 
the vessel must be kept as fine as practicable just before the 
screw, the body of the vessel terminating, if possible, at 
the inner stem post, so as to avoid the flat surface, or 
" square tuck,'* which occasioned so much disquietude to 
our dockyard engineers upon the first introduction of this 
principle. It was then shown by experiment with the 
Dwarf that the filling out of the lines immediately be- 
fore the screw produced a most injurious effect upon the 
speed of the vessel, and those of the Admiralty screw 
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steamers which have had their lines fined away there, have 
since advanced in speed hj several knots an hour. In 
wooden vessels^ the edges of the screw aperture are streng^h^ 
ened with gun-metal castings, by means of which a sharps 
finish can be given to them. And it is chiefly in this 
point of view that iron vessels have shown themselves 
better adapted for the screw propeller than wooden ones, 
in consequence of the extreme fineness to which they may 
be tapered at the stem-post, with a due regard to strength. 

Diameter of Screw. — The diameter of the screw should, 
in most cases, be made as gr^t as the draught of water 
will admit, and for running in smooth water its upper edge 
need not be more than a few inches beneath the surface. 
In the case of sea-going vessels, it is preferable to keep it 
18 inches cmt 2 feet below the mean surface of the water* 

Area of the Screw, — By the area of the disc of the screw is 
understood the area of the circle described by its extreme 
diameter. When the area of the blades is spoken of, their 
actual oblique surface should always be specially distin- 
guished from the plane projection of the resisting sur&ce. 
This latter measurement, as representing the actual amount 
of surface directly employed in the propulsion of the vessel, 
is probably the most important of these areas. The 
Dwarf e experiments show that the speed of this vessel 
gradually increased a little as the length of her screw was 
diminished firom 2 feet 6 inches to 1 foot, the area cor- 
responding to each length being 22*2 and 8*96 square feet 
respectively. It appears at first sight remarkable that so 
great a variation in the resisting sur&ce should cause so 
little disturbance in the speed of the engines or of the 
veasel, thus showing very plainly how small a segment of the 
whole "pitch" is required to absorb all the power which 
the reaction of the water is capable of imparting. The fact 
Beems to be that the water in which the screw revolves ac- 
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quired* very soon the same rotatory motion with the screw, 
and as its resisting power is thus destroyed by the action of 
the leading part of the thread only, any additional length of 
screw, after the power has been absorbed, only retards bj 
friction. The Rattler^s experiments, conducted by the 
Engineering Department of H. M. Dockyard at Woolwich, 
were commenced with a screw 5 fb. 9 in. long, which 
was gradually shortened, followed always by an improve- 
ment in the speed of the vessel, until it reached its present 
length of only 15 inches.- The result of numerous experi- 
ments has led to the now very generally received opinion 
that the length of the screw should be about one sixth of 
its pitch. 

Relative Value of Coarsely or Fine pitched Screws. — ^The 
question between the relative values ef fine and coarsely 
pitched screws appears to be as yet quite undecided. The 
equally good results that have been obtained (more espe- 
cially in the merchant service) by the use of coarsely pitched 
screws running at a comparatively low speed, and very finely 
pitched screws running at a great velocity, tend to the con- 
clusion that a variation in pitch is not of much practical 
importance within certain limits. 

Extent of Slip of the Screw. — The diameter of the screw 
and the speed at which it is driven modify, in a great mea^ 
sure, the amount of slip, which is usually found to diminish 
in proportion as the diameter and velocity increase. Thus, 
the diameter of the Rattler* s screw during her experiments 
was 10 feet, and the average slip 15 per cent., while the 
Dwarf and Fairy^ with screws of between five and six 
feet diameter, showed an average slip of about 35 per cent. 
The slip is also affected by the form of the vessel's rmi, 
and the manner in which the water closes in upon the 
screw, so that it is necessarily very uncertain, and will pro- 
bably vary in every ship. 
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COMPABi.TiyX KXBITS OV DIFFSSXlirT STSAM TXSSSL8 
AKS 01* SOSSW AKD PADBLS-WHSEL YXSSSLS, 

To compare the Oeneral Effieieney of different VeeeeU. — It 
will be apparent from what has been already said that it is 
Yery difficult, if not wholly impracticable, to institute a just 
comparison between the degrees of efficiency of different 
steam yessds. In the first place, the performance of the 
machinery has to be separated from the question of the 
form of the yessel, if we would enter minutely into the 
subject, and the performance of the machinery itself should 
again be subdivided into the relative efficiency of the «••» 
ififies and hoilera. 

But as it cannot be expected that mercantile men should 
enter into these details, a simple method of drawing a 
general and approximate comparison between different ves*: 
sels taken as a whole may be found useful. 

For Commercial Purposes. — It is at once apparent that 
the mere statement of the number of miles run for one 
ton of coals, can be a just criterion only between vessels of 
the same or nearly equal size, making the same voyage, at 
nearly equal speeds, and that it is by no means applicable as 
a general standard, since a ton of coals wHl, as a matter of 
course, carry a small vessel further than it will a larger one. 
As we have seen, too, that an increase of speed is obtained 
only at the expenditure of a very great increase of power, a 
proper aHowance must also be made for this. Hence to 
draw even the most superficial comparison between the " ef- 
ficiency " of two steam vessels, their speeds must first be 
reduced to a common standard, and the relation must then 
be found between the consumption of the fuel at this speed 
and the size or tonnage of the vessel, the manoimum speed of 
each being considered as a separate question. The signifi- 
cation of the term efficiency , varies so materially in different 

G 3 
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classes of vessels, that steamers of the same class only can 
be justly compared together ; the speed required by any 
particular service, or in other words, the estimation of time 
in each service, being a totally distinct consideration, as fe- 
gards consiunption of fuel and general efficiency. Thus, 
one vessel may make a voyage at a slow rate, and with a 
small consumption of fuel, while another vessel of the same 
power and tonnage, although it may be of very decidedly 
superior ^^ efficiency,*' may consume a much greater quantity 
of fuel, by performing the same voyage in a much shorter 
time. In the Government service, the time occupied by a 
voyage is usually not so much considered as a low consump- 
tion of fuel, and the vessel is therefore limited to a slow and 
economical speed. In the case of merchant steamers, on 
the other hand, this system Vould be the reverse of economy. 

It is believed, that if the number of Eegister tons carried 
by one ton of coals, at the rate of 10 knots an hour, be 
taken as a common standard of comparison for estimating 
the duty of sea-going steamers^ it wiU be found sufficiently 
accurate for mercantile purposes, the maximum speed of the 
vessel being treated as a separate consideration. 

Example No, 1. — Suppose, for example, that a vessel of 
1300 tons, and 600 horse power is found, by experiment, 
when at her medium draught of water, to make 10-6 knots 
an hour, with a consumption of three tons of coal per hour. 

To reduce her performance to the proposed standard, 
therefore, the following calculation must be made : — 

10*5 knots : 10 knots:: \/ 3 tons, present consumption : 
V required consumption. 
Cubing these quantities, and working out the proportion, 
we have 

1157-625 : 1000 :: 3 : 2*59 tons, required consumption. 

We have thus found that 1300 tons (tonnage) are carried 
10 knots in an hour, by a consumption of 2*59 tons of 
coals : Therefore, 

^5.« 501-9 tons (tonnage) carried by this steamer a distance erf 10 
knots in an hour, by one ton of coals. 
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Example No. 2. — Again, a vessel of 1072 tons and 400 
horse power, is propdled at the rate of 10'4 knots, with a 
consumption of 48i cwt. of coals per hour : 

Then, as before, 10*4 : 10:: V48'5 : «/reqaLred coDsumptioii. 

Or, 1124-8 : 1000 :: 48-5 : 431. 

And now, 43*1 : 1072 :: 20 : 4a)7*4 tona (tonnage) carried by this 

steamer a distance of 10 knots in an bour, by one ton of coals. 

The comparison between those two steamers, therefore, 
shows that their performance is nearly equal, being in the 
proportion of 601*9 to 497*4. 

To compare Efficiency of Different Vessels for Scientific 
Purposes. — If it be wished to form a more scientific and 
accurate comparison, the separate question of the efficiency 
of the boiler being ascertained by an experiment as to weight 
of water evaporated by 1 lb. of coal, and the efficiency 
of the engine by finding the quantity of steam used in it to 
produce an indicator horse power, it will be necessary to 
substitute the indicator horse power for the consumption 
offuel^ and the actual displacement of the vessel for the 
nominal tonnage. With regard to the latter point, it is 
much to be regretted that a certain petty jealousy still 
existing amongst ship builders, though now happily ex- 
ploded amongst engineers, frequently steps in to obstruct 
the iuvestigation of all questions relating to the form and 
displacement of a vessel's body, by withholding the design 
from which it was built. As the lines of the vessel cannot 
be deduced from the scale of displacement,* however, we 
think that every owner of a steamer may insist upon this 
being supplied to the captain of his ship, without taxing 
too far the communicativeness of the designer, who, it 
would appear, is apt to forget that only quacks and charla* 
tans work in secret, while with the true scientific prac- 
titioner all is open and above-board, and publicity courted 
with a view to criticism and discussion, and consequently 
progressive improvement, 

^ For an example of a scale of displacement, see Rudimentary Treatise 
on Shipbuilding, Vol. I., in this series, Plate C, 
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The nmnber of tons of displacement, therefore, that 100 
gross or indicator horse power will propel at the rate of 10 
knots an hour, is proposed as a standard of comparison for 
enabling ns to judge of the relative values of different forms 
of vessels. 

Example No. 1. — A vessel, upon trial, is found to have a 
speed of 10-5 knots an hour, the engines exerting an indicator 
power of 1440 horses, and the displacement being at the same 
time 2380 tons, as taken from the scale of displacement. 
Then, as 10*5 knots : 10 knots :: '^1440U.P. 
>/ indicator power required ; 
Or, 1157*625 : 1000 :: 1440 : 1243*9. 
And 1243*9 : 2380 :: 100 : 191*3 »ton8 of displacement propelled, in 
this vessel, by 100 indicator horse power at the rate of 10 knots an hoar. 

Example No. 2. — Another vessel, on trial, is found to 
have a speed of 10*4 knots; her engines exerting an indi- 
cator power of 919-6 horses, and her displacement at the 
same time being 1823 tons. 

Then, as 10*4 knots : 10 knots :: ^^919-6 H.P. : V^ required H.P. 
Or, 1124 8 : 1000 :: 919*6 : 817-5, 
And 817-5 : 1323 :: 100 : 161*8 -» tons of displacement propelled, io 
this vessel, by 100 indicator horse power, at the rate of 10 knots an hour. 

Comparison between the Screw and the Paddle as a Meant 
of Propulsion. — This leads us to consider the broad question 
of the relative merits of the two great rival modes of pro- 
pulsion, by screw or by paddle wheel. 

General View of their respective Efficiency for full^powered 
Passenger Steamers. — Although the screw certainly possesses 
many advantages over its rival, which are at once apparent, 
these must, nevertheless, be considered of minor import- 
ance, in the case of passenger steamers, if it fail to ensure 
the same amount of regularity and speed which we are ac- 
customed to obtain from the paddle wheel, with engines of 
the same power. That this deficiency actually exists ai 
present is incontrovertible, and this has hitherto prevented 
the adoption of the sorew in steamers designed lor quick 
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passenger traffic, both for ocean and rirer navigation : tha 
general impression amongst practical men of the present 
day being, that it is inapplicable in the first case from its 
observed deficiency of power when the vessel i« pitching while 
steaming head to wind ; and, in the second case, that a con- 
siderable draught of water is requisite for its efficient action. 
Although experience certainly favours these views, the 
staunch advocates for the screw will not willingly admit 
their truth ; and if its very recent introduction be con- 
sidered, as well as the rapid advances which have really 
been made in improving it, it is, perhaps, natural that they 
should withhold their assent.. The slow progress that was 
made in bringing the paddle wheel to its present state 
of efficiency must not be forgotten, especially as the ship- 
bailders of the present day have shown as much desire to 
box up the screw in its position, as their predecessors did 
to keep the paddle wheel buried in sponsons. 

Efficiency of the Screw for full-powered Steamers cf War. — 
The value of the screw in vessels of war, not only as an 
auxiliary, but also in full-powered steamers> seems to admit 
of but little doubt. — ^A clear broadside for the guns; the com- 
parative safety of the machinery from shot owing to its low 
position ; the increased stability of the ship &om the same 
cause, enabling her to carry heavier armament on the upper 
decks ; and the freedom of these decks from the machinery ; 
and finally, the power of arranging the masts, sails, and 
rigging, so as to make ^her an efficient sailing vessel, are 
advantages of such moment, that even if a considerably 
higher power were required to realize the same speed as 
would be obtained from paddle-wheels, the adoption of the 
screw would appear to be justified. 

Efficiency of the Screw as an Auxiliary in Sailing Feseels, — 
The screw, as an auxiliary propeller, to be used either in a 
cahn, or in conjunction with sails in light or contrary winds, 
stands unrivalled. Several attempts have been made to adapt 
the paddle wheel and other propellers to this purpose ; but 
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they have signallj failed to meet the varying oircumstances of 
the ship deeply laden, sailing light, or heeling over under a 
press of canvas. The efficiency of the screw, however, remains 
comparatively unimpaired under any of these circumstances. 

The Success of the Screw as an Auxiliary in Men of War. — 
In the Eoyal Navy, the best test of its success in this respect 
is, that the screw vessels employed in cruizing for slavers 
have been pre-eminently serviceable. It has been also per- 
fectly successful in the various classes of vessels in which it 
has been fitted as an auxiliary, from the Plumper of 9 guns, 
up to the Prigate Arrogant of 46 guns, and the old 72-gun 
ships converted into guard ships, and it is anticipated that 
the largest ships of war will have this additional service. 

The Effect that Auxiliary Screw Vessels may have on the 
Shipping Interests of the Country. — The success of auxiliary- 
screw merchantmen has already been such, that it appears 
probable that the whole commerce of the country will be 
carried on by them at so reduced a cost as to beat out of 
the field all sailing vessels, not only of this but of other 
countries ; the value of speed and regularity being now so 
greatly and so truly appreciated by merchants. If there be 
any truth in this view of the case, the results to the country 
will be most important ; but they must be carried out with 
energy by the combined efforts of ship-owners, ship-builders, 
engine-makers, sailors, and engine-workers, and this will 
not be done without a struggle on the part of some of those 
in favour of their old-established habits. 

The City of Paris, built by Messrs. William Joyce & Co., 
is an iron steam ship built for the Commercial Steam Navi- 
gation Company, and plying with passengers and goods be- 
tween London and Boulogne. Her principal dimensions are — 

ft in. 
Length between perpendicolan . . • 165 



Breadth of beam 

Depth of hold • 

Draught of water 

Burthen 

Speed per hour in itill water, 15*75 statute miles. 



23 

14 

6 6 

425 tons. 
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The vessel and engines were constructed by Messrs. Wil- 
liam Joyce & Co., of the Greenwich Iron Works ; and, as a 
matter of interest, it may be mentioned that this is the first 
iron steam ship ever built at Greenwich. 

Her engines are of the collective power of 140 horses, and are 
of the direct action kind. Each piston has two rods, between 
which there is a recess in the piston, which allows of a corres- 
ponding recess in the cylinder covers, and thereby permits the 
connecting rods to descend considerably lower than is prac- 
ticable in the single-rod direct action engine. The arrange- 
ment is most compact and simple; and it is manifest that the 
cylinders being fixed a most important advantage is secured. 

These engines occupy less space than any other descrip- 
tion of marine 
engine yet 
known ; and 
both the en- 
gines and 
boilers may 
be taken as a 
fm specimen 
of the great 
reduction of 
space and 
weight efiect- 
ed by modem 
arrangements 
over the ear* 
Her examples 
of steam ma- 
chinery as ap- 
plied to naval 




Pacha of Egypt Steam Yacht Kaased Kheir, is a fine 
schooner-rigged steam screw yacht, constructed of iron. 
Her dimensions are — 
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ft. in. 


Length between perpendiculars . 


. 150 


Breadth of beam 


. 18 


Depth of hold . 


. 11 


Mean draught of water . 


6 


Burthen, 0. M. 


. 240 ton& 



Built by Messrs. William Joyce & Co., Qreenwicli Ircn 
"Works, and fitted by tbem with a pair of vibrating engines 
of collective 



Hones' power, nominal . 


80 


Horses' power, by indicator 


311 


Diameter of cylinder 


.ft.0 38in 


Length of stroke .... 


. 30 


Strokes per minute, 42. 




Multiple of gear, 5 to 1. 




Screw propeller diameter 


6 6 


„ pitch 


7 3' 


„ length 


1 3 


„ number of blades, 2. 




Reyolntion of screw, 210. 




Speed of vessel, 14 miles. 





0/the Spiral Propeller or Water-Screw. — The acting por- 
tion is a spiral surface projecting from a cylindrical axis * 
and, in order that it may be at all effective, each point in 
the surface must revolve so rapidly, that the motion of that 
point in the direction of the axis must be greater than that 
of the vessel. Also, if the angle of the spiral to the axis be 
constant, it is obvious, that by having more than one revo- 
lution, the rest add little to the effect, perhaps not equivalent 
to the additional friction. 

Let B A C ?. - a be the angle which the screw forms with 




a line A B perpendicular to its axis ; then, during the time 



* See Tredgold's Work on the Steam Engine, Di? islon B, Marine, 
new edition. 
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the boat would move from C to B, a point in the surface 
must move from B to A, otherwise it would retard the boat ; 
and, in order that it may be effective, it must move at some 
greater velocity. But the velocity of the boat, r, is to that 
of a point in the surface, when no effect is produced, as 

B C : A B : : » : ^^^- » ^^* Henoe the actual effective 

velocity must be 

„ w V tan. a — v 



tan. a tan. a 

Let X be the variable radius of the cylinder, then ^^^ ** 

the length of the spiral, and — r- = the differential of 

its area. Its resistance is^ therefore 

w (V tan. a — ©)• (2 sin. «• + sin. a*)sdx 
COS. a tan. 'a 

when the vessel is at rest ; and when it is in motion, it in- 
creases in the ratio of r- — ' .-"T i : v ; hence 
tau. a ' 

»» (V tan.a — v) (2 sin.^a + sin.a) 4f i jr»the differential of the resistance. 
The integral gives 

i IT » 4f * (V tan. a — w) 12 si».> *a + nn. a) — the resistance. 

This resistaRce is to the effect to impel the boat as the 
radius is to tan. a ; hence 

i » ** » (V tan. a — r)« (2 sia. a* + sin. a), tan. a -• the force, 
and i w *« a* (V tan. a — r) (2 sin- *a + sin. a) tan. a • the effect, 

which should be equal to the resistance of the vessel. 
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8CBEW STEAMEBS IK THE BOYAL NAVY JLSD MEBCHAKT 
BEBYXOE. 

Full-powered Vessels: The Battler.— The Rattler is a 
vessel of 888 tons burthen, and has engines of 200 horse 
power collectively. The area of her submerged midship 
section (at 10 ft. 6 in, draught) is 330 square feet. Her 
most favourable experiments were made with the common 
or Smith's two-threaded screw, 10 feet diameter, 15 inches 
long, and 1 1 feet pitch, the effective surface beii^g about 23 
square feet. With this screw the engines made 26-19 re- 
volutions per minute, and the screw 103'67 ; the speed of 
the vessel being 1 0-074 knots an hour, and the slip of the 
screw 10-72 per cent. 

DimensioM and Speed of the Fairy. — The foUowing are 
the dimensions of H. M. steam yacht Fairy ^ also a favour- 
able specimen of screw propulsion. 

Length between the perpendiculars . . 144 ft. 8 in. 

Breadth of beam for tonnage « • • . 21 «, li „ 

Depth in hold • 9 ,» 10 „ 

Bnrthen in tone, builder's old measurement .312 „ 
Horses power .••... 128 «, 

Draught of water . • • . . 6 „ 

Diameter of screw 5 „ 4 „ 

Length of screw 16 ,» 

Revolution of engines per minute • . 48 », 

Ditto screw, per minute ... . 240 „ 

Maximum speed of the vessel, 13^ knots. 
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DimensioM and Particulars of Termagant. — Termagant^ 
steam fidgate^ 24, propelled bj the screw. Designed by 
"White of Cowes, engines by Seawardr 

Ijength between perpendicnlan 210 ft. 1 in. 

licngth of keel for tonnage . . . 181 „ «, 

Breadth extreme 40 „ 6 „ 

Breadth for tonnage . . 40 ,, ,, 

Breadth monlded * 39 „ 4 „ 

Depth in hold . . . • 25 ,, 9 „ 

Bartben in tona 1547 ^ ,, 

Horsea power .... • 620 ,, „ 
Length of space for machinery^ placed under 

the water line 85 ,> „ 

The stores — 280 tons of coals in boxes, 6 weeks' provisions for 320 
men, and 53 tons of water. She mounts four 10-inch guns, and two 
8-inch guns, on the upper deck; and eighteen 32-pounders on the main 
deck. 

During her trial of speed in Stoke's Bay, her draught of 
water was 16 feet forward and 18 feet aft, with 260 tons 
of coal in boxes. The pitch of her screw (14 ft. 6 inch, 
diameter), was 17 ft. 3 inch. The vacuum in the conden- 
sers 27i inches ; revolutions of screw 36 to 37 per minute. 
Steam in boilers 14 lbs. Under these circumstances she 
attained an average speed of 9^ knots an hour.* 

IHmensioM and Particulars of Encounter, ^^cvgw steam 
1, 14 guns, designed by Eincham ; engines by Penn. 



Length between perpendiculars 


190 ft. Oin. 


Breadth extreme • ... 


. 32 „ 2 „ 


Depth in hold . 


20 „ 10 „ 



* Although this trial it allowed to have been of the most favonrable 
n&tare, the Termag<mt'$ speed falls short, by at least 2 knots an hour, 
of what similar yessels with the same high proportion of horse power to 
tonnage, and fitted with paddle-wheel engines by the tame makertt haye 
tttained. 
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Tonnage, boilder's old measurement • 953 

Horses power, nominal • • • 360 

Horses power, by indicator . . 646 

Displacements at 12 ft. 6 in. mean draught 1290 tons. 

This vessel has been one of the most successful of tha 
full-powered screw steam vessels yet constructed. At her 
load draught of 12 ft. 10 in. aft and 12 ft. 2 in. forward, shet 
realised a speed of 9^. knots under steam alone, and when, 
light she has steamed at lOi and 10^ knots. Her sailing 
powers are also good, as she has kept her place under can- 
vas when in company with a squadron. On a trial in going 
before the wind, when the frigates of the experimental 
squadron were making 10 knots, the Encounter was found 
to lose ground, but on her getting up her steam she over- 
hauled them, attaining a speed of 13 knots, with full canvas 
and full power of steam combined. The engines on this 
occasion made 74 strokes per minute, and as the pitch of 
the screw is 15 feet, and it is driven direct from the engme, 
the vessel over-ran her screw and gave a negative slip, and 
realized a higher velocity than could be obtained from her 
under any other circumstances. 

Dimensions and Particulars of the Arrogant. — Screw fri- 
gate, 48 guns ; designed by Eineham ; engines by Penn. 

Length between perpendiculars . 200 ft. . in. 

Breadth extreme . • . . 45 „ 9 „ 

Depth in hold . . , . 29 „ 6 „ 

Tonnage, builder's old measurement . 1872 

Horses power, nominal . . 360 

Horses power, by indicator . ,623 
DispIacemenU at 18 ft. 1 1 in. meaft draught 2444 

TViflffo o/" Arrogant {Auxiliary). --jyuTing the Arrogant 9 
trial in the estuary of the Thames, she had on board her 
full complement of men, viz. 450; provisions for 140 days, 
stores for 12 months, and water for 80 days. Under these* 
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circumstances the engines made 63 reyolutions per minute 
(working full power), and the speed of the vessel was 
8'6 knots: consumption of fuel at the rate of 32 tons 
of coal in 24 hours : with ' a slight head swell, no sails 
being set. 

Trials of Arrogant. — Subsequently, upon the occasion of 
her steaming round to Portsmouth to be put into commis- 
sion, this fine frigate (which is one of the most successful 
of our auxiliary steam fleet) made an average speed of 
seven and a quarter knots an hour, at the measured mile in 
Long Eeach, under the following circumstances : She had on 
board 246 tons of coal, 187 tons of water in tanks and 13 
tons in casks ; also her full armament, viz. two 68 pounders 
of 95 cwt. each, mounted on traversing platforms and pivots, 
and sixteen 32-pounder guns of 32 cwt. each, on the upper 
deck ; twelve 8-inch guns for 66.pounder hollow shot, or 68- 
pounder solid shot, and sixteen 32-pounder guns of 66 cvrts. 
each, for the main deck. Her draught of water on starting 
was 18 ft. 9 inch. aft. and 16 ft. 10 inch, forward. Average 
number of revolutions of screw, 62 per minute. The en- 
gines are 6 feet under the water line, and the top of the 
steam chest three feet. • By trial on this occasion between 
the Nore and Mouse Lights (where there is deep water), she 
is said to have made 8*3 knots by the log, the engines mak- 
ing 57 to 59 revolutions against the wind, and 61 to 62 re- 
volutions with the wind. The engine room is ventilated by 
a fan driven by the supplementary engine. 

La Hogue. — La Hogue, steam guard ship, old 74-gun ship, 
1750 tons of burthen, and fitted with engines by Seaward 
of 450 horses' power, has a speed of 7*2 knots, the engines 
making 49 revolutions per minute, and consuming 28 tons 
ofcoalin 24hours. 

Ajax. — Ajax, steam guard ship, old line-of-battle ship of 
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60 guns, 1761 tons, witt auxiliary steam power of 450 
horses, propelled by the screw. Mean speed at the measured 
mile in Stoke's Bay, with all her weights aboard and lower 
masts in, 7*147 knots per hour/ Draught of Water fc»rward 
21 ft. IH in. ; aft, 23 ft, li inch. Height of lower deck 
midship portsill, above the water, 5 ft. 5^ in. The engines 
are horizontal, by Messrs. Maudslay, with 4 cylinders, eacli 
55 inches diameter and 2 ft. 6 in. stroke. Smith's screw 
16 ft. diameter, and 20 ft. pitch. The engines are applied 
direct to the screw shaft, and make 48 revolutions per 
minute. 

The %ue of Screw Vessels as Tugs. — Many experiments 
have been made with screw vessels in towing, and the results 
have generally been most favourable. With a paddle-wheel 
steam vessel not expressly designed for towing, the revo- 
lutions of the engines are much reduced on taking a heavy 
vessel in tow, and she is consequently unable to work up to 
her full power, while the screw vessel is comparatively little 
affected in this respect, and continues to work with compa- 
ratively little loss of power. In assisting a vessel that may 
have got on shore this difference becomes particularly appa- 
rent, because the engines of the paddle-wheel steamer when 
she is held fast are reduced to about one half their number 
of strokes, and consequently to nearly one half their power; 
the engines of the screw vessel not being reduced tinder the 
same circumstances more than about 10 per cent. Auxiliary 
screw vessels also of moderate speed have been found to be 
wonderfully efficient as tugs, arising no doubt mainly from 
the foregoing cause. The screw vessel can also be brought 
alongside or be communicated with more readily than the 
other. 

The Screw in the Merchant Service, — The laachineiy for 
screw vessels in the merchant service is not confined by the 
same requirements as in the Boyal Navy, and consequently 
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the screw bis generally been made larger in diameter in 
proportion to tbe yessel, and in many instances engines of 
tlie same form as those nsed for paddle-wbeel steamers have 
been continued and toothed wheels introduced to obtain the 
requisite number of revolutions for the screw shaft. The 
first results obtained ^m this coarse are good, on account 
of the less liability to derangement in engines of tried and 
good construction, but in all vessels of large power it is 
to be feared that the wear upon the teeth of the wheels 
will be such as to give much trouble and cause constant 
renewal necessary. If the amount of surface of the teeth 
in action and the intensity of the power passing through 
them be compared with the proportions in general use in 
wheel-work in the manufacturing districts, it will be evi- 
dent that it would be impossible on board ship to continue 
the same proportions without rendering the wheels much 
too heavy and cumbersome. In auxiliary vessels, there is no 
difficultyin obtaining a sufficient velocity for the screw with 
direct-acting engines and a somewhat coarse pitch, but in 
fuU-powered vesseb the question becomes more difficult, 
though, it is believed, not insurmountably so, when it is 
considered that locomotive engines are running at 200 strokes 
per minute with ease and certainty. The difficulty of 
driving the air pump at the high velocity required has been 
the main difficulty in the way, but the introduction of 
canvas or vulcanized india rubber valves appears to be one 
vay of getting over it, while the introduction of a pair of 
wheels to reduce the speed of the air pump, or of a totally 
different engine fitted on board for the, express purpose of 
working the air pump, have also been proposed. By the 
latter proposal the engines for propelling the vessel are 
placed in all respects on a perfect equality with the common 
locomotive engine, or they may indeed be made even more 
^ple than these by attaching the feed pumps to the sup- 
plementary engine, which would be driven at the ordinaiy 
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Performance of the Screw in VeueU of General Screw 
Steam Shipping Company. — ^The following statement by the 
managing director of the ** General Screw Steam Shipping 
Company" presents a highlj favourable view of the per- 
formance of the screw as an auxiliary propelling power in 
the vessels of that company, from the 1st of January to the 
Slst of December, 1849. It is remarked, that the seven 
vessels specified hav« made altogether during the year 170 
voyages, out and home, with cargoes, performing a distance 
of 110,849 knots, at an average speed of 8 to 8^ knots per 
hour. Only one casualty is stated ta^have happened during 
the year to any of the Company's vessels, and that in the 
Thames. 

Performance of the Screw on Canals.^— An able report, made 
by Sir John Macneill, C. E.,.is inserted in the Appendix, 
p. 225.* 

City of Rotterdam, 272 tons, 33 horse power, has made I 
during the year 42 voyages to French and Dutch ports, 
performing 15,450 mUes, at an average speed of 8 knots. 

City of London, 272 tons, 30 horse power, has made 44 
voyages to Dutch ports; total distance I3,327m0es; ave- 
rage speed 8 knots. 

Lord John Russell, 820 tons, 40 horse power, has made 
60 voyages to Dutch ports ; total distance 25,379 miles, at 
an average speed of 8} knots. 

Sir Robert Peel, 320 tons, 40 horse power, has made 3 
voyages from Liverpool to Constantinople, and 21 voyages 
to ports of TVance and Holland ; total 24 voyages, 28,208 
miles, at an average speed of 8^ knots. 

Harl of Auckland, 450 tons, 60 horse power, has made 4 
voyages to Constantinople, and 6 to ports of Holland, Por- 
tugal, and France ; total 10 voyages, 28,487 miles. 

♦ Kindly communicated by John M'Mollen, Esq., of Dublin. 
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Bogpkorusy 5d6 tons, 80 hone power. Laden with 360 
tons of mercliandise, and 120 tons of coal: took 16 days 
15^ hours on her first voyage from Liverpool to Constant 
tinople. Sailed 15th September, 1849 ; average speed 8*02 
knots. Left Constantinople October 10; time on passage 

15 days 1 ] ^ hours ; average speed 8*50 knots. 

Hellespont, 536 tons, 80 horse power. Laden with 360 
tons of merchandise, and 120 tons of coal. Sailed from 
Liverpool for Smyrna October 15th ; time on the passage 

16 days 20^ hours ; average speed 7*93 knots. Sailed from' 
Smyrna November 14 ; time on the passage 18 days 6 hours 
30 minutes ; average speed 7*20 knots. Average speed of 
four passages 7'91 knots. 

Speed at the trial of Bosphorus at the measured mile in 
Long Beach, 9*68 knots. 

Speed at the trial of Hellespont at the measured mile in 
Long Seach, 9*65 knots. 

Dimensions and Particulars of Bosphorus. — Bosphorus 
is 175 feet, long ; 25 feet beam ; 536 tons burthen ; and 80 
liorses' power. Diameter of cylinders, 36 inches ; stBoke, 
24 inches ; diameter of screw, 10 feet, 6 inches ; pitch, 1 8 
feet, 6 inches ; mean number of revolutions, 62 2 ; length 
of the engine-room, 30 feet,- which includes space for the 
stowage of 150 tons of coal ; draught of water on trial, 
forward, 6 feet, 8 inches; aft, 9 feet, 6 inches, the screw 
being 14 inches out of the water. Mean speed as above, 
9'679 knots ; speed of screw, 11*348 knots ; slip of screw, 
1*669 knots, or 14'7 per cent. Builders of vessel (iron), 
Messrs, Mare and Co., of Blackwall. Engineers, Messrs. 
Maudslay, Sons, and Field. 

^oyoffe of "Bo^hojuB under Steam from ike Cape of Good 
Bope to Plymouth. — The Bosphorus made the following 

H 
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quick run from tlie Cape of Good Hope to Hjmouth in 
the mouths of June and July, 1861. She 1^ Table Baj 
at half-past two o-dock in the aAemoou' o£ May 81^ passed 
St. Helena near midnight, of Ae 8tk o£ June. At daylight 
of the 17th andiored oS Sierra Leone, where she stopped 
17 hours to coal. Was off the Island of St. Vincent (of 
the Cape de Verde group) on the morning of the 23rd. 
Left again at noon of the 24thy and arrived at Plymouth on 
the evening of July 7th. She consumed in her outward 
md homeward voyagea, 787 tons of coal, and had an average 
speed of 71 to 8 knots. 

JSpitome of Battler's Experiments. — ^Before quitting the 
subject of screw-propelled vessels, I shall give a brief epi- 
tome of the results obtained from the extensive and valuable 
series of experiments made with the Rattler, in the year 
1844. 

Dimensions of the Vessel. — This vessel has the following 
dimensions, vis :*— - 

FT. IK. 

Length between the perpendionlara . , IT6 6 

Length on keel 157 9i 

Breadth of beam 32 8i 

Depth in hold ..... . 18 7| 

Barthen in ton», boilder'a old meas. . . • 888 0}| 
Mean draught of water during trials . . 11 8 

Horses' power, 200; Maudslay, Sons, and Field, engineers. 
Speed of the engines is multiplied by gearing 4 times, nearly. 
The weight at ballast carried during the triali was-. 132 tons. 
Ditto ofoorit ...... 122 „ 

Experiments.— Teh. 3, 1844. With a two-threaded com- 
mon screw, 9 feet diameter, 8 feet long, and 11 feet pitch, 
the vessel made'9'25 knots^ the engines making 26*8 revo- 
lutions per nmiDte^ imd the screw 106 ; dip, 19.5 per eent. 
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Peb. 9. With a three-threaddd common screw of the 
same dimensioiM as the lost, the speed of the ressel was re< 
duced to 8*23 knots, the eng:ines making 24i'2 rerolutions, 
and the screw 94*3 ; slip, 19*06 per cent. 

Feb. 23. When the last screw was shortened to 1 foot, 
7^ inches, the yessel's speed increased to 857 knots» the 
engines making 24r8 revolutions, and the scvew dS'4t; sUpi 
19-7, 

Eeb. 28. With a two-threaded common screw, 10 feet 
diameter, 3 feet long, 11 feet pitch, the vessel made 8*858 
knots, the engines making 24 revohitionii^ and the screw 95 ; 
Blip, 13-8 per cent. • 

March IL When the same screw was shortened to 2 ftet, 
tlie Tessel's speed increased to 9*448 knots, the engines 
making 25*5 revolutions, and the screw 107 ; slip, 13*6 per 
cent. 

March 18. With a four-threaded common anew, 9 fee^ 
diameter, 1 foot 7 inches long, and 11 feet pitch, the ves- 
Bel's speed was 9*18 knots, the engines making 26*3 revolu- 
tions, and the screw 104-4 ; slip, 27*7 per cent. 

April 13. With a four-threaded Woodcroft's increasing 
pitch screw, of the same dimensions as the last, the pitch 
varying from 11 feet forward to 11 feet 6 inches aft, mean^ 
11*275, the speed of the vessel was 8*159 knots, the en- 
gines making 2415 revolutions, and the screw 96; slip, 
23*5 per cent. 

April 18. With the same screw as the last, but with two 
of the blades cut off, the vessers speed advanced to 8 03 
knots, the engines making 2707 revolutions, and the screw, 
107*5 ; slip, 25*97 per cent. 

April 23. With Smith's or common screw (of cast brass), 
9 f(9et diameteri 1 feet 2 inches long, and 1 1 feet pitch, three- 

H2 
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threaded, the vessel's speed was 9*88 knots, the engines 
making 27*39 revolutions, and the screw 108-4 ; slip, 15-97 
per cent. Air quite calm. 

June 18. With a common two-threaded screw, 10 feet 
diameter, 1 foot 6 inches long, and 1 1 feet pitch, the speed 
of the vessel was 9*811 knots; the engines making 27*92 
revolutions per minute, and the screw 1 10*7 ; slip, 18*3 per 
cent. 

June 27. The 'same screw as last, reduced in length to 1 
foot 3 inches, gave a speed of 10*074 knots for the vessel; 
the engines making 26' 19 revolutions, and the screw 103*97; 
dip, 10.42 per cent. 

Note. — This is the most favourable result obtained dmiig 
the experiments. 

October 10. "With Mr. Sunderland's propeller, 8 feet in 
diameter, the vessel's speed was 8*38 knots ; the engines 
making 17*49 revolutions, and the screw-shaft 69*97. 

October 12. With Mr. Steinman's propeller, 10 feet 

I inch diameter, the vessel's speed was 9*538 knots ; the 
engines making 2506 revolutions, and the propeller 104*24; 
the pitch 11 feet 6 inches ; slip, 29*32 per cent. 

October 17. With the common screw, 10 feet diameter, 

II feet pitch, 1 foot 3 inches long, the speed of the vessel 
was 9*893 knots ; the engines making 27*03 revolutions, and 
the screw 108*12; — slip 15*65 per cent. 

The experiments show, therefore, that the conman screw, 
of the dimensions last quoted, gave a higher result tban 
either Mr. Woodcroft's, Mr. Sunderland's, or Mr. Stein- 
man's. 

Thrust on the Bynamometer, — ^Experiments were made 
during the last three trials to ascertain the actual thrust of 
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the screw in propelling the ship, 
\>j obserring the pressure on the 
spring of the dynamometer fitted 
to the end of the shaft. The re- 
sults were as follow : — 

2s ( October 15. With Sunder- 

land*8 screw, the speed of the 
vessel being 8*346 knots, the 
pressure on the end of the shaft 
was 2-88 tons; the horse-power 
calculated bj the dynamometer 
being 164*9, and by the indicator 
820 horses : the ratio of the two 
powers being as : 1*94. When 
the speed of the Tessel was re- 
duced to 6*698 knots, the pres- 
sure on the end of the shaft was 
1*86 tons, equal to 85*85 horse- 
power by the dynamometer, the 
indicator showing 173*2 H.F. 

October 12. With Steinman's 
screw, the speed of the vessel 
being 9*537 knots, the pressure 
on the end of the screw shaft 
was 8*35 tons ; the horse power 
calculated by dynamometer being 
219, and by indicator 452— the 
ratio of the two powers being as 
1:2*7. 

October 17. With the common 
screw, the speed of the vessel 
being 9*893 knots, the pressure 
on the end of the screw-shaft was 
3*61 tons; tl^e borse^power cal- 
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culated by dyaamometer being 245, and bj indicator 465 6 
-^the ratio of the two powers being as 1 : I'D. 

Lo99 of Speed by Expansion Gear. — Experiments were 
likewise made with the expansion-gear of the Mattler^s en- 
gines, to ascertain the loss of speed in the engines, caused 
bj applying successively each of the expansion cams. The 
stupke of the engines is 4 feet, and the slide ralre was Bet 
to eut off one-qi^ffter of the stroke, or one foot. The ex- 
pansion cam has six ^teps^ each cutting off four inches of 
the stroke ; so that when the last step is worki&g, the stetm 
is expanded for three &ety pr three-quarters of the stroke. 

With the 
Irt step of the cftsft» the tagiiie BMbde 25*2 doi^e strokee permisHle, 
2nd „ „ 2&1 

*t|i ., M ;i3-4 

5th „ ,. 22-4 „ 

0th ,f M ^tl^i »> tf 

Each of these experiments lasted fiye minutes, the mean 
being tiien tc&en. 

Power consumed in drinnng her Machinery y per Indicator.— 
Another set of expenmeots were made with the indicator, 
tQ l^oertain the amount of power consumed in driying the 
Hattler'e machinery. The results were as follow: — 

I. Without any gearing attached, the mean working 
pressi^e on the piston (taking the mean of both en- 
gines) was I'l lb. per square inch, the engines making 
26 revolutions per minute, and the vacuum in the con- 
denser being 28 inches. 

U. With the gearing and screw-shaft attached, but with 
the straps slack, the mean pressure was 1*67 lb., the 
engines making 2S revolutions, and vacuum in £he con- 
denser 28i in. 
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HI. With gearing and serew-sliaft attached and straps 
tightened (but the screw not in gear), the main pres- 
Bvae was 2*24 lbs., the engines milking 25 rerolutionsi 
and the vacuum in the condenser 28i in. 

ly. With Woodczoft's four^threadad screw in gear, the 
mean working pressure indicated was 14*57 lbs., tho 
esiginds making 24*85 jreFolutiona. 

V. With the three-threaded screw in gear, the mean 
working pressure indicated was 14*38 lbs., the engines 
making 26*2 revolutions. 

Dwarfs JSaperitnents. — In connexion with this subject 
there will1)e found at the end of thel)ook a Table of Expe- 
riments with Her Majesty's Steam Tender Dwarf (of 1^ 
tons and ^8 liorse^' power), undertaken at Woolwich in tho 
year 1845, to determine the best relative proportions for the 
screw-propeller, with regard to pitch, length, and area. The 
whdle of the screws used in these trials were true Archime- 
dean screws. From this Table it appears that the most &- 
vouraWe resiflts were obtained from a double-threaded scre^ 
of 5 feet 8 inches diameter, with a pitch of 8 feet, the length 
of segment being 18 in<ihes, and the ar^a 13*3 square feet ; 
and it is remarkable that in the experiment following this, 
when the length of the screw has been reduced to 12 inches 
and its area to 8*9 square feet, there is scarcely any appre- 
cisfble vamtion in the resulting speed of the vessel or screw. 

The possible effect of^crew Steamers (m future Mail Conr 
tracts, — ^The large sums paid by this country at the present 
time for the conveyance of the foreign mails by steam ves- 
sels, cause this question to be one of great importance. 
The increasing number of superior screw vessels between 
Liverpool and JTew York, which will undoubtedly make 
their passages within a short tune of the regular mail 
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packets, necessanlj attract public attention to the question 
of the amount to be paid for the receipt of the American 
or West Indian correspondence, perhaps not more than one 
day earlier, and also inhether a different principle is to be 
adopted with these than with the mails carried on the rail- 
Srajs. The latter are not carried by the fastest possible 
^express trains running at great cost ; and if this principle 
be once admitted, there is no doubt but that great economy 
jW^ould, result, and» perhaps, ultimately without any loss of 
^eed whatever. It is beUeyed that the mails might be car- 
ried by steamers on all the great liae& at an almost nominal 
cost, and the necessity of a large and wealthy company be 
pbyiated, if the Government were to make contracts to suit 
j)arties who are the owners of, perhaps, only one or two 
such vessels as are required. If fortnightly voyag.es> for 
instance, are desired, there appears to be no difficulty, be- 
jond a little extra trouble to the Government authorities, 
in taking the contracts with two or three, or any number 
of separate parties, to sail consecutively — one party under- 
taking to send their vessel on the 1st of every alternate 
faonth, or at such intervals as will suit the length of tbe 
Jbrips to be made. Such an arrangement would ensure suffi- 
cient competition on taking the contracts to lessen the 
amount demanded, as parties owning competing vessels 
pn the station would be ready ta subject themselves to the 
jiecessary restrictions for aknost no other consideration 
than the being able to advertise their '^Soyal Mail Steam- 
ers," on account of the additional favour that they would 
thus obtain with the public. A competition would also be 
created between the different contractors, tending to in- 
crease the speed of the vessels beyond that required by the 
Government, with the view of getting the greater number 
of passengers — a competition of this kind having been 
^dready felt to be very much wanted. This principle would 
also enable the Government to make contracts for new 
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lines where regular communication may be rery much 
wanted by the country, but not of sufficient importance 
to induce the formation of a company with sufficient ca* 
pital to undertake the whole line, though one or two dif- 
ferent parties might each undertake to despatch a Tcssel at 
certain intervals. 

Tables of Screw Steamers and their Maekmery. -^Amongst 
the Tables at the end there will also be found a 

Table of the Dimensions of Screw Steamers and their 
Machinery, in the Eoyal Navy. 

Table of the Principal Dimensions of 28 Merchant Screw 
Steam^s. 

Government Formula of Specification for Marine Steam 
Engines with Screw Propellers, 

Tender to the Admiralty for Marine Engines, with Screw 
Propellers, of 450 horses power. 

Admiralty List of Tools and Spare Gear required with 
those Engines. 
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THl PADDLS WHSXL AND PADDLX-WHEXL 8TSAMXB8 IK 
THE BOXAL VAYT A2f J> MSHOHAJBTT »9«TXC«. 

Paddle-wheel Steamers in the Boyal Navy. — ^Wl shall 
now note a few particulars of our most mLoeessful padslx- 
WHSXL STEAMXBS, both in the Boyal Navy and MwrcIiazLt 
Senrice, beginning with the Terrible. 

Dimeneions and Particulars of Terrible. — This fine steam 
frigate, built from the designs of Mr. Oliver Lang, of Wool- 
wich, was commissioned in the year 1846. She is built of 
Honduras mahogany, Bast Indian teak, and English oak. 

Her principal dimensions are as follow ; — 

Ttnible StMm Frigate of 184J Ton and 800 Horae-pover. 

ft. ir. 

Length between the perpendiculars .... 226 

Ditto keel for tonnage 196 10 

Breadth extreme 42 6 

,, for tonnage 42 

,, moulded ....... 41 2 

Depth in hold 27 

Burthen in tons, builder's old measurement • 1847 

Length from the figure-head to taffrail . . . 253 9 

Depth from under side of keel to crown of figure-head . 37 7 

Length of the engine room ..... 78 7 

Width of ditto, in the clear 38 

Depth of ditto 27 4 

Launching draught of water, forward . • . 8 10 

Ditto ditto aft . . . . 11 6 

Load ditto mean . . . 17 6 

Terrible's JfcfacAmery.— The engines, of 800 horses power 
collectively, are by Messrs. Maudslay and Field ; double- 
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cylinder direct adticm, witti tttbulsr boSen divided into sec- 
tions, placed two before and two abaft the engines. Dia- 
meter of cylinders each 72 inches ; stroke, ^ feet. Faddle 
wheels, 84 feet diameter x 13 feet. 

The contcaot w«igbt of the CD^nei wai « 212 tons. 

M M boilers . • 150 „ 

„ „ water in boilerg . 138 „ 

t, ,f paddle wbei^ls . 41 „ 

„ „ ooid boxes . 1^6 ,, 

Total estimated weight of machinery 560 

The coal boxes were estimated to contain 900 tons of 
coal, although Sir Charles Napier affirms that 500 tons only 
are carried. 

The contract price of the maehineiy was £41 '250. 

Speed, — The Terrihle^s speed at the measured mile, with 
sea-stores and guns on board, was found to be 11*78 miles, 
or 10 knots an hour, the engines making 13 strokes per 
minute. By Massey's log the speed was found to be 10*9 
knots, the engines making 14| strokes per minute. 

Armament. — ^Her armament consists of 21 guns, viz. 
two 8-inch and two 56-pounder long guns of 98 cwt. each, 
on traversing platforms, on her upper deck, with two 12- 
pounder carronades, and one 6-pound brass gun, forward, 
and two 8-inch and two 56-pounder guns aft. The lower 
deck has the same armament, with the exception of the car- 
ronades and the brass gun. 

Terrible'* Daily Expenses. — The expense of this costly 
steamer has been recently brought to light by the Beport 
of the " Select Committee on Navy Estimates," where it is 
stated that the Terrible, with a complement of 320 men, 
costs per day in pay and provisions, £44 5s. ^d. ; and in 
wear and tear of hull, masts, yards, &c., £25 — ^together, 
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.£69 5«. 2d. per day. The wear and tear of machineij, and 
consumption of oil, tallow^ &o., is estimated at £19 11<. 2d, 
,per diem; — making the total expenses, exclusive of fiiel, 
£88 16«. 4id. per diem. When the ship is under steam^ m ad- 
ditional expense of £4 5«. 6^. per hour is incurred, equal to 
£102 per diem for coals alone ; or at 100 days steamrog) to 
£10,200 per annum. The vessel and machinery thus cost 
£32,4lS Is. Sd. per annum, exclusive of coals ; or £42,618 
1«. 8^. when the steam power is used for 100 days of 24 
hours each. She proved herself, however, to be a very effi- 
cient steamer, good speed having been obtained from a very 
reduced power, 

Sidon. — Sidan steam Mgate, of 1328 tons, and 560 horse 
power.. This vessel is constructed by Mr. Pincham, tlie 
machinery by Seaward under Sir Charles Napier's superin- 
jtendence. 

The following are her principal dimensions, viz. — 





ft. 


in. 


Length between the perpendicnlan 


. 210 


9 


M of keel for tonnnfl^e 


. 185 


H 


Breadth, extreme . 


. 37 





„ for tonnage 


. 36 


6 


tt moulded 


35 


10 


Depth in hold 


27 






The Sidan carries about 700 tons of coal, with her main 
deck portsills 6 feet 6 inches above the water; the coal 
boxes being so fitted that when the coals are expended, 
water ballast may be taken in, to prevent too great a varia- 
tion in the dip of the wheels. Her armament is, we believe, 
twenty-four 68 pounders, on two decks. The speed of the 
Sidon with her coals, guns, and sea stores on board, equals 
.10 knots. 

Odin. — Odin steam frigate of 1326 tons, and 560 horses 
power; has the same dimensions as Sidon^ except being two 
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feet shorter and tliree feet less depth in hold. The vessel 
is constructed hj Mr. Fincham, the engines hj Fairbairn. 
The principal dimensions of the machinery are as follow: — 

ft. io. 
Diameter of cjtindert • . . • 87^ 

Length of itroke . . . • .59 
Stroke per minute . • • . . 19 
Diameter of paddle-wbeelsi extreme . 27 
Breadth of ditto ... .96 

Diameter of necki of paddle-wheel shaft . 16 
Coals stowed in boxe8»445 tons, or 12^ days' consumption at 6 lb. per 
horse power per hour. 

The engines are upon Messrs Fairbaim's direct-action 
principle. 



Weight of the engJDoes and paddle shafts 
„ boilers and their apparatus 

„ water in boilers 

y, coal boxes . 

,, paddle wheels . 

„ spare gear, floor plates, &c. 

Total weight of machinery 



tons. 

180 
60 
48 
16 
30 
25 

359 



Cost of engines, boilers (with iron tubes), and coal boxes . ^21,480 

„ paddle wheels 950 

„ duplicates and spare articles, as per admiralty list . 1650 

Total cost of machinery . . . j^24,080 

Length of the engine room, -52 feet ; of coal hold, 8 feet 
—together, 60 feet. 

Breadth of the engine room in the clear, 3^! feet 4 inches ; 
depth, 20 feet ; centre of shaft, 8 feet 6 inches aboye the 
load water-line. 

Odin's Machinery* — The boilers are tubular, with iron 
tubes Zk inches internal diameter, divided into four sections, 
placed two at each end of the engine room, Fire surfi&ce 
ia boilers, 80 square inches per horse power. Effectives heat- 



158 tA!DJ>hE WHSSL AlHO PA3>IHLB-WHXSL StSAiaBS 

ing surface («fter deducting one third of tnAe mAce as 
non-effective), 13 sqaare feet per horse. 

Diameter of steam pipes, for each engine . . 19 iii«» bore. 

,» injection pipes „ • • .6m 

„ feed pipes, and bilge pipes • • H m 

Speed, — The speed of the Odin with coals, sea^stores, and 
armament on board, averaging 11| knots. Both SUdon and 
Odin are excellent sea boats, and saU well uadeor canvas. 
Sir Charles Napier admits that the Odin beats iSUifoii a mile 
an hour, when each has her full complement of coals on 
board ; and still passes her when each is loaded with coals 
in proportion to the horse power, which may be chiefly 
attributed to the increased height and weight of the Sidons 
hull. Odin <;arrie6 main-deck guns. 

Performance of Steamers in the Uoyal Navy — with and 
without Steam, — In evidence before the Committee of the 
House of Commons,* on the subject of arming the Mercan- 
tile Steam Marine, Capt. Hsnbebsok, of the Sidon^ declares 
his ship to be " the best steam vessel he ever saw ; she 
could take 700 tons of coals, which would last 20 days at 
fiill speed. She is rigged as a barque, and spreads as much 
canvas as a 32-gun frigate — ^more than any other steamer 
he ever saw. In cruising without steam, she kept company 
with the Canopue line-of-battle ship. Has never tried the 
Sidon with merchant steamers, but has had 12i knots with 
300 tons of coals. The Odin is about equal to the Sidon, 
Merchant steamers with their present masts and yards would 
be unable to keep up with a fleet without steaming. The 
masts of vessels in the navy prevent them steaming so weU ; 
but there is a great economy resulting from it, because they 
frequently sail for months without steaming at all. If s 

^ This evidence in these and subseqnent pages is given in a condensed 
form as published in the Artisan Joornal for 1849. 



merAant steamer ooidd pevfonn 10 knoto wiAl sail alone, 
she would be sble to ajeoompaaj % &et on oidtnaiy oecfti- 
sioiifl. WliSst oemmanding the OoiyoM, focmd iSiat in 
steammg head to wind, with a11 the masts and yards up, it 
might make two to three knots dijSbf^ce if they were 
strudt." 

€apt. Hskbt €ha3MI ^has tested the eapabOities of the 
Blenkgim^ aoxiHaiy screw, <3i 1747 tmis and 450 horse- 
power. She is a most useful vessel for every kind of ser- 
Tioe,her maximum speed, under steam alone, good 6 knots. 
TowBd the BeBerof^on (2000 toas) at 4^ knots. Opinion 
tiiat merchant ste^ners eould not keep company under sail 
with a fleet. !From their rig i^ey could not keep way with- 
out steaming, and consequently they woidd soon run short 
of coals. The BktJieim can saU with a fleet witSiout steam. 
We attach too much importanoe to iq[>eed, and foi^et the 
guns. Tiie French steamers oarry 14 to 16 guns, but give 
up speed. Few of our steamers of war are equal to go 
alongside a French steamer. They have broadside arma^ 
ment, whereas many of oinrs are only armed at bow and 
stem. Our steam sloops carry two heavy guns ; a 95-ewt. 
68-pounder, and an 86-ewt. 10>inoh gun, and four broadside 
guns, 32 pounders of 40 or 42 ewt. We hare only three 
real steam Mgates (carrying guns on the main deck), namely, 
the Odhif Sidon, and Terrible — and the screw vessels.'* 

A high Speed in the Na^ attainable only by an Extruoor 
gant Proportion of Horse Power to Tonnage, — The three 
vessels last named (which we have already particularized) 
are probably the fastest war steamers, properly so called, in 
the Eoyal 'Navy ; but it is apparent that their comparatively 
high speed has been obtained only by the use of an eiLtra- 
vagant proportion of power to tonnage, such as is vezj 
rarely found in ocean steamers in the merchant service. 
The average speed of govemm^it steamers, when uaajog 
their full power, not exceeding 8 to 8i knots. 
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Comparisaiu between the Ferfwrmanee of Government and 
Merchant Steamers are generally impetfeet.-^Tlaa compaia- 
tivelj low result.has giyen rise to manj unj^iflt compariaonB 
between the performances of government and mercKant 
steamers; for when we consider the peculiar qualifications 
demanded by a vessel of war, it will be seen that the compa- 
nson cannot be made on equal terms. War steamers are 
built not only to steam but to sail well ; and moreover they 
must be able to carry a great weight of armament on the 
upper deck without prejudice to their stability, and since the 
only effectual way of doing this is by giving them a greater 
relative breadth than merchant steamers are limited to, the 
•consequence is that the hull opposes an increased resistance 
to the water, and the speed is diminished. Then the weight 
.of hull and equipment of a war steamer is usually much 
greater than in the merchant service, causing a corre- 
sponding increase of displacement : the masts, yards, and rig- 
ing, being of greater dimensions, oppose a greater resisting 
surface to the air : and owing to the weight Qf the large 
guns at the extremities of the vessel demanding support 
from the upward pressure of the water, the lines at the bow 
and stem cannot be made so fine as might otherwise be de- 
sirable. Hence it follows^ that the speed of the contract 
. mail steamers, for instance, averages from one to one and a 
half knots above that of vessels in the navy, with a similar 
proportion of power to tonnage ; but if the proportion of 
horse power to displacement be taken, the comparison will 
generally become more favourable to the war steamer. 

Economy of Steam Power the beet Criterion of Efficiency 
in the Navy. — ^In estimating the performance of a govern- 
ment steam vessel, therefore, we should look rather to the di- 
rect distance run by the combined action of steam and 
sails, at a moderate but uninterrupted speed, and with a low 
rate of consumption of steam and fuel, than to the attain- 
ment of a high velocity, which is seldom wanted in war 
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steamers. The best exposition we ean offer of the practical 
working of this combined system of steaming and sailing in 
the nayy, has been suppUed hj Capt. Hoseason, in his 
account of the performance of the steam sloop Inflexible. 

Perfinmanee of the Inflexible in a Steam Voyage round the 
World, — ThisTessel, designed by Sir W. Symonds, is of 1122 
tons burthen, and 378 horses power. The engines are di« 
rect-action, by Fawcett, and the boilers are loaded to 8 lbs. 
on the square inch. The whole distance run (without 
counting going in and out of harbour) during the time she 
was in commission, irom the 9th of August 184^^ to the 28 th 
of September 1849, was as follows : — 

Steamed 64,477 naatioal milet. 

Sailed . . . .... 4,892 ,, 



68,869 



Number of days ander stetm • . 345^ 

99 A, under sail ftlona . • . 27;^ 

3721 

Average daily steaming .... 186*62 knots. 
Average daily sailing . .^ . • 161*18 „ 

For the wlioie period .... 57*44 „ 

Tine nader one boiler • • 
,, two boilers 
,i» tiuree ty ... 
M foar , 

Total 8,292 ,, 

Her fires baye bean lighted 483 days. Total consumption of coaU 
wliile under steam, 8121 tons 12} cwt. ; coals expended in nddng steam 
&Qd hanking the fires, 576 tons 16} cwt. ; average distance steamed per 
ton of coals, 7938 knots. Consumption of coals per hour, 19,588 cwt. ; 
ditto per day^ 23 tons, 10 cwt.> \2\ lbs.; average consumption of coals 
per nominal horse power per hour, 5*85 lbs. 

It is stated that the alboye-mentioued distances were ob- 
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tained by the patent log, towed about 60 fathoras agtern, 
out of the influence of the backwater from the Wbeela ; the 
error arising from tbis cau^e, while throwing the common or 
hand4og, having been found on board l^e InJUanUeio vary 
from one to four knots. It is recommended, therefore, that 
the patent log only shouM be used bj a steam yesael, its re- 
sults bemg verified hj the bearings of iihe land| when the 
distances ore knowm. 

The expenditure of oosll was taken bj measuring everj 
tenth bag in the ship, and every tenth bag as used bj the 
fires, a mean being «taken every four hours for the hourlj 
expenditture. 

Pefformanee of the Inflexible. — The distance accomplished 
by the Inflexible is stated to have been reckcmed on]y from 
the time the patent log was thrown overboard, and when 
the final departure from the land was taken. 

It is further stated that she was employed for 15 months 
on the coast of New Zealand, during which time about 4000 
tons of the Newcastle Australian coal were consumed, the 
best quality of which, delivered at the mines, is about ten 
per cent, inferior to good English coal, but rendered fully 25 
per cent, inferior by being Sxposed on the open beach at 
New Zealand. A deduction should, therefore, be made for 
this cbcumstance in considering the expenditure of fuel. 

On the outward voyage of the Inflexible ta the dape of 
Good Hope, in the months of August and September 1846, 
a run of 5502 nautical miles was accomplished on a single 
coaling, at a mean average speed of 7:31 knots per hour, 
and an average daily expenditure of 12 tons, 19 owt. Sqrs. 
14 lb. This run was accomplished in 32 days.. 

On the voyage from the Gape of G-ood Hope to Port 
Jackson, Sydney, 5356 nautical miles were accomplished ftt 
one coaling, with an expenditure of 458 tons 10 owt.,beifig 
at the rate of 15 tons, 3 cwt. 2 jrs. per diem, and with a 
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rnekn average speed of 7*87 knots per lioar. Time takes, 
SOIdajB. 

In calculating the consumption of coal as above, an allow- 
snoe of 5 per cent for ** wa»tage " bas been added to the 
actual weight burnt in the fires — such nUowance being made 
in order that the captain maj judge of the quantity of 
coals remaining in the boxes at anj time. This per-«entage 
was determined by experiment during the Infiexibi^s first 
two Toyages, when the difierence of weight was accurately 
noted between the coals burnt, and those received on board 
in Bngland. It is thence argued that 5 per cent should be 
subtracted from the gross quantity, if the true duty in 
mOes per ton of eoak is sou^t. We confess we aire at a 
loss to account for so large a wastage. 

It is further stated that on one occasion, when the fiiB 
power of ihe eng^es was exerted, the Inflexihk towed 
the barque Claudme^ and succeeded in transporting 150€> 
soldiers, tent equipage, and baggage, 1400 nauticid miles in 
12 days, four of which were occupied in the landing of one 
regiment and the embaj^ation rf another. 

lAet service on the coasts of India and China, the iw- 
fiexibie returned to England by €ape Horn, thus making the 
<»rcait of the globe, and fulfiHing her comprehensive mission 
in a manner most creditable to her able commander, Captaia 
Hoseason. 

Economy of a Moderate Proportion of ff one-power in com- 
(nnatian with the Saile. — These results show, in a most fiivouiS 
able light, the economy of a moderate proportion of horse- 
power in combination with the judicious use of the safls ; and 
it is a question of much interest to the navy whether a better 
sverage result might not be expected and obtained frotti 
Bueh a system, than from the present expensive fashion of 
loading the vessel with very large engines whose fuU power 
ia but seldom wanted, and which monopolize so much weight 
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and apace that sufficient coals cannot be carried for tHe 
proper development of the steam power. It is true, that bj 
the use of a high proportion of power to tonnage the Teasel 
has the advantage of having always a high speed at her 
command^ so hng as the coals last ; while, hj expanding the 
steam in her large cylinders^ she may bum the. fuel, on 
ordinary occasions, most economically, still we must re> 
member the increased first cost of the madunery, and the 
increase of displacement consequent upon the great extra 
weight to be constantly carried (whether it be used or not), 
by which the speed of the vessel is permanently diminished^ 

, A high Proportion of Horse Power requisite in the Merchant 
Service. — ^Although we thus advocate the employment of a 
moderate proportion of power to tonnage for the Boyal 
Navy, say, one-horse power to three tons, this question has 
a different aspect when considered with reference to the 
merchant service. For though, as is well understood, any 
increase of speed requires an increased power in the dupli- 
cate ratio of the increased speed; and, therefore, a g^reafe 
eoonomy would seem to result from the low proportiaB of 
power to tonnage ; still, if time be calculated as an element 
(and, in reality, a very important one) in the economy of 
mercantile conveyance, it will be generally found that a high 
speed at any expense of fiiel will compensate for the addi- 
tional expense. As regularity of arrival, also, is of the ut- 
;Diost importance in passenger traffic, this can be ensured 
only by the employment of a high ratio of power ; for it is 
apparent that, should the contrary forces of adverse winds 
and waves, of tides and currents, equal or exceed the power 
of the engines, the vessel may bum an indefinite quantity 
of fuel without making any progress. We believe that the 
proportion of one-horse power to 2^ tons (builders' old mea- 
surement) will be generally found the most advantageous 
for merchant steamers^ of from 500 to 1000 tons« 
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CoHsiderafioM to be attended to in propcrtuming the Hone 
Power to the Tonnage, — ^In proportioning the horse power of 
a vessel, the fact is seldom borne in mind that the effective 
power of the engines increases in a higher ratio than simply 
as the tonnage, the resistance of the water to the hull of the 
vessel varying as the square of the cube root of the tonnage. 
Thus, if a vessel of 1000 tons and 600 horses power havie a 
speed of 12 knots, a vessel of 1600 tons and 800 horse 
power ought, eeterie paribusy to have a considerably greater 
speed, since the square of the cube root of 1600 (yi600^, 
or 11-7^ is 684 horses power only. This law is somewhat 
neutralized in practice, by the fact of the displacement 
usually increasing in a higher ratio than the nominal ton^ 
angt. If it be desired to design a vessel of a proposed size 
and speed, the safest mode of proceeding is to take the 
vessel nearest in tonnage and general description to that 
which it is intended to construct as a groundwork. If 
greater speed is required, the natur9,l law as given in page 
104i, win be the guide as to the amount of additional power 
that will be necessary ; thus if a vessel of 1000 tons and 400 
horses power now running, is found to have an average 
speed of 10 knots, and it be desired to have a vessel of the 
same tonnage, with a speed of 11 knots, the proportioa 
becomes 

10* : 11' :: 400 : horse power required. 

By means of this proportion 532 horses power is found 
to be necessary, supposing the new vessel to be of no better 
form, and the engines to work to the same amount of excess' 
of indicator over nominal horse power. Much may un- 
doubtedly be done by an improvement in form, but too 
much ought not to be expected from it, and though some 
&iilts may be very apparent in the original and be capable 
of remedy, yet it ought not to be assumed that the neW 
TBssel will be entirely free from all retarding causes. 



DimensionM and Particulars of Bansliee. — ^Ais a &yoimd)le 
example of what ma^ be aeoomplished by Gte^emmeiit 
builders when tbej are not trammelled by considerationB of 
armament or displaeement, we give the following partieuLm 
of the Holyhead Mail Packet, Banthee : — 

Banshe^ deBigned by Mr. O. Lang, jun., engines by Peon, 
is a wooden, vessel. Her piineipal dimeooisiona axe as foU 
lows:— 

Length between the perpendicaUn * . . 189 ft. in. 

from figure head to taffrail . . • 209 ft. in. 

Breftdth extreme 27 ft. 2 in. 

'* over peddle boies . 49 ft. 6 in. 

Iteplh in bold . U ft. 9^ m. 

Prengbt of water ,.f0rwKrd « . • 8 ft. 10 in. 

„ aft 9 ft. 2 in. 

Burthen in tons, builders' old measurement • Ko. 670 

Horse power • Ko. 350 

Diameter of paddlief wheels . . . . 25 ft. in. 

Breadth of „ . 9 ft. in. 

Area of ^ 33^9 square feet 

Hip of ,» . • . • • 5 ft. 6 ia. 

Area of midship section 190. aqpatefeet. 

Diameter of cylinders .... • 72 in. 

Length of stroke 5 ft. 6 in. 

Strokes per minute No. 30 

Speed at the measured mile, with the tide • .21*5 stat. milei' 

„ ff against the tide • 1.5*75 stat. miles. 
Mean speed 18*62 stat. miles. 

The Baiuhea has pioved the fastest of the Holyhead 
packets, performing the trip from Holyhead to Kingston 
in a little under four hours on the ayerage. Her shortest 
passage is about 8i hours, her longest 4^. The distance 
from Holyhead- to. Kingston ia 55 nautical miles. She has, 
however been taken off this, station and been sent to Malta, 
but it has been found necessaiy to remove one half of her 
boiler power to enable her to carry sufficient coals for the 
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longa* Toyages there. Her speed has thus been reduced to 
12 knots, or 1^*82 statute miles. 

PadtUe-toheel Steamers in the Merchant Service : Asia.-— 
As an example of a first-class merchant steamer, we subjoin 
tbe dimensions of the British and North American Boyal 
Steam^Navigation Company's new yessel, the Ana. 



Lengfii of keel and fore nke 
Breadth of beam 

IXtIo over the peddle boxes 
De|ith of hold, amid shipe 
Length of the englae space . 
Tonnage, bnilders* old ineas» 
Hones power • . • • 

Speed, per hour (between Glangow and Liyerpool) 15 miles, 
or 12i knots. 
Load draught of wateis forward 19- feet, aft 19 20' feet. 



FT- 


IN. 


267 





40 


6 


63 


6 


27 


6 


92 


6 


1130 


« 



No. 800 



Ama has a pair of sideJever engines, diameter of cylin^ 
ders 96 in, : length; of stroke, 9ft,; diameter of paddle 
wheels, extreme, 37 ft. 6 in. ; floats 9 ft. 2 in. long, x 3 ft^ 
2 in. broad, divided into two breadths ; number of floats ia 
the water at one time, eight. The boilers are four in. 
number, measuring together 2Q (bet in lengfch, and 16 feet 
m breadth ; they have 20 fomaces, five in each section, each 
fomace 8 ft. long, 2 ft* 9 in. broad, and 6 ft. 9 in. deep. 
The coal bunkers hold about 900 tons. The engine-room 
staff comprehends 38 men^ viz., eight engineers, 18 firemen^ 
and 12 coal trinusers. 

The vessel is of timbctr, round sterned, carvel Imilt, three 
masts schooner rigged, three de<^ ail flush, and carries- 
six boata. Buildea*s, Messrs. Bob^ Steele and Go. of 
Greenoek ; en^e maker, Mr. Sobeut Napiar, of Glasgow; 
completed ia the year WSfk 
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Dimensions and Particulars of the Orinoco. — Boyal West 
Indian Mail Steam Packet ; designed by Pitcher ; eDgines 
by Maudslay. 



Length between perpendicnian 


. 270 ft. 


Oin. 


Breadth over paddle boxes 


. 71 „ 


10 „ 




41 „ 


10 ., 


Depth of hold .... 


. 26 „ 


o„ 




2245« 




Horse power, donble-cylinder engines 


800 





This vessel on her first experimental trip at her medium 
draught of water attained a speed of 12 knots, as ascertained 
by careful trial At the measured knot in Stokes Bay off 
Portsmouth, with the engines making 1 3} revolutions per 
minute. She is fitted with feathering wheels, with aU the 
latest improvements and a greatly increased length of bear- 
ing for the centres, on which the paddle boards vibrate. 
Some of the older vessels belonging to the same company 
have also lately had their paddle wheels altered and made to 
feather, with decidedly good results, arising chiefly from the 
circumstances that these wheels are not so mudi affected as 
common wheels by heavy seas, and by the variation in dip, 
to which these vessels, from their long voyage, are neces- 
sarily subject. The vessels on the North American station 
have hitherto been prevented from adopting these wheels by 
the fear of injury from ice, but it is a matter of doubt whether 
the advantage on those voyages on which no ice is encoun- 
tered would not be so great as to compensate for the risk, 
especially as any partial injury, though it might prevent the 
feathering of the boards for the remainder of the voyage, 
would by no means render the whe^l totally inoperative as a 
common paddle wheel with fixed boards. The engines of 
the Orinoco are fitted with double-beat equilibrium valves, 
opened by cams instead of the common slide valves or piston 
valves hitherto usually adopted, and in this case, as well aa 
in the steam frigate Penelope^ they seem to have been tho- 
roughly successful. In the Orinoco the cams, which are 
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placed on a yertical shaft driven by wheels from the inter- 
mediate shaft, drive levers which act upon a bell-crank 
shaft and lift the spindies of the valves. In the Penelope 
the cams are placed on a horizontal shaft driven by an in- 
clined shaft from the intermediate shaft, and running 
through an eye in an upright rod, attached by a projecting 
arm to the spindle of each valve. The steam cams are made 
movable on the shaft, so as to give any required degree of 
expansion, while the eduction cams are stationary. The 
horizontal shaft cm which the cams are placed, is driven, in 
the same manner as in many machines with a reversing 
mdtion, by a clutch between two bevil wheels, running loose 
on it, so that it may revolve always in one direction, accord- 
ing to the motion of the wheel into which the elutch may 
be geared, while the intermediate shaft revcdves either way 
for going ahead -or going astern. 

Summary of the Peninsidar and Oriental Company* * Fleet 
of Steamers. — The Peninsular and Oriental Steam Navi- 
gation Company have 29 steamers, amounting in round 
numbers to 30,000 tons and 11,000 horses power. They 
navigate annually about 600,000 miles, with 29 vessels. 
Of ttieir 29 vessels 10 are of wood and 19 of iron. The 
average speed of their Mediterranean packets is 10 to 11 
knots: that of Cunard's line of Transatlantic packets, 
nearly 12 knots. At the present moment the new iron 
steamer, the Himalaya^ of the following extraordinary di- 
mensions, is estimated to run between Southampton and 
Alexandria, a distance of 8100 geographical miles, in 9 
days : — 

Length between the Perpendiculars .... 325 ft. 

Breadth of Beam 43 ,, 

Depth in Hold 32 6 

Burthen in Tons No. 3000 

Horses Power 1200 

JSstimated speed, 14 knots. 
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Same Particular* of the Peninsular and Oriental Cm- 
pany'e Fleet of ^ Steamere. — Mr. Pitchbb, of Korthfleet, 
states before the Committee of the House of Commons. 
that be " bas lately built two vessels for this company, of 
1200 tons eacb. Tbe scantling in tbe midship part of those 
ships is rather larger than that of ships of the same size in 
the Government service, but fore and afb it is rather lighter. 
These vessels are constructed capable of carrying an &• 
inch pivot gun forward, and a lO^inch pivot gun aft, and 
ten broadside guns — ^altogether 12 guns." The weight o^ 
a 10-inch pivot gun, an 84 pounder, with carriage and k- 
tings, is stated to be about 10 tons ; and an 8-inch gtCn, a 
68 pounder, from 6 to 7 tons. These vessels bj Mr. 
Pitcher are ^* framed of English* oak ; outside planks of teak, 
many of them 70 feet long, wales 7 inches thick ; and tbe 
general run of the interior parts, best Honduras mahogany." 
He further remarks, " "We build the floors of vessels accord- 
ing to the station they are to go on. We cannot get so 
much speed out of a flat floor without reducing the breadth 
a little. We rather lik;j9 to have a rising floor, they roll 
easier. Steamers are always weatherly by reason of their 
length, but a flat-floored' vessel would not be so weatherly 
as a vessel with a rising floor. With vessels of this size we 
ejpect to get a displacement of 15^ tons per inch, at a 
draught of 15 feet. Opinion that the vessels he has built 
for the Peninsular and Oriental Company are equal if not 
superior to any in the navy. They would steam 1 1 knots, 
and would sail better than most vessels in the navy because 
they are longer in proportion to .their breadth ; their water 
tanks give them sufficient stability to carry sail. Has found 
the boilers in the West India Mail Packets last about six 
years. We have fqund that- by having two bpUers at eacli 
end of the engine room, and coal boxes right across the ship 
instead of at the sides of the boilers, the heat is kept torn 
the cabins, the ship is kept in better trim, and fewer 
coal trimmers are required, as the coals run nearer the 
furnaces." 
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Mr. JohkBokald "is a sUp builder, andbas been captain 
of a steamer. Builds vessels now wbicb beat tbe Govern- 
ment vessels in speed. A mercbant steamer carries more 
weigbt tban a sbip of ber class in tbe navy. Tbe mainmast 
of tbe Peninsular and Oriental Company's steamer Bombay 
is 81 feet, aad tbe main yard 72 feet long. No vessel of tbat 
class in tbe navy bas larger spars. Nor is tbere mucb dif- 
ference in tbeir rigging and area of sails. It is a fancy of 
the Government to make tbeir vessels sbarp-floored and of q. 
greater draugbt of water, but draugbt is not necessary to give 
stability. GoUiers saO as well in ballast as wben loaded, 
even in going to windward, but tbat is a part of sbip build- 
ing tbey have not found out nor adopted yet in tbe navy." 

Captain Samijbl Lewis, "bas been at sea tbirty-four 
years, and witb tbe Peninsular and Oriental Company since 
its commencement. Took tbe Malta out to Ceylon. Sbo 
is 1225 tons, and was under sail almost tbe wbole of tbe 
passage. Her greatest speed under sail alone, was 9*6 
knots. Wben tbe floats were taken off sbe did 10 knots. 
She was uncommonly stiff and weatberly, and if sbe bad bad 
larger spars sbe would bave done two knots more; tha 
floats could be taken off in one bour forty minutes, ai^d 
replaced in tbe same time. Sbe was tbree montbs and 
eigbt days from Soutbampton to Ceylon. Tbe Bentinck 
averaged 10 knots from Calcutta to Suez. Opinion that 
tbere would be no difficulty in adapting these superior 
vessels to war purposes ; tbat tbey would be very efficient 
in carrying troops and coals, and tbat tbe engineers 
and crews would enter the service when required." 

J. E. EKaLSBTTE, Esq. " is superintendent of tbe Penin- 
sular and Oriental Company at Soutbampton. Tbere 
would be no difficulty in giving mercbant steamers the 
same masts, yards, and sails as similarly-sized vessels in the 
aayy ; they would be Btiff enough with a Uttle ballast or 

12 
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cargo at the bottom. Their speed under canvas would not 
be less than vessels in the navy. I have run 13 knots an 
hour, for six or seven hours, down Channel with a steamer 
tinder canvas alone." 

Government MailContracts tovthMerchant 8 t earners. -^Wiil 
Teference to the G-overnment mail contracts, we have the 
following evidence by Mr. Andeeson, Managing Director 
of the Peninsular and Oriental Company. He says, " The 
postal communication can be done much cheaper by private- 
contract steamers than by Government boats, because of the 
merchandise and passengers carried. The steam communi- 
cation between Southampton and Alexandria, with vessels 
of 300 to 400 horses power, was done for 4«. 6d, per mile. 
Trom Suez to Ceylon, Calcutta, and Hong Kong, with 
vessels of 400 to 600 horses power, for 17*. Id. per mile. 
The East India Company's line between Suez and Bombay, 
with vessels of only 250 to 300 horses power, cost 30*. per 
mile. Her Majesty's vessels in the Mediterannean cost 
about 21*. per mile. £189,000 a year is the gross sum paid 
for the three great contracts : Penmsular and East Indian, 
"West India«, and Worth American. Eeceipts from post- 
age ^380^000. The advantages of the communication 
should not be estimated merely by the postage. After 
steam communication to Constantinople and the Levant 
was opened, our exports to those quarters increased by 
£1,200,000 a year. The actual value of goods exported 
from Southampton alone, last year (1848-49) by those 
steamers is nearly £1,000,000 sterling. Greek merchants 
state that the certainty and rapidity of communicatian 
enable them to turn their capital over so much quicker. 
Eorty new Greek establishments have been formed in this 
country since steam communication was established. The 
imports in that trade, fine raw materials, silk, goats' hair, 
Ac., came here to be manufactured. Supposing the trade 
to increase one million, and wages amount to £600,000, cal- 



tS BOYjLL KATT AKB MEEOHAKT SESTTOIS. 173 

culatiBg taxes at 20 pep cent., an increase of revenue of. 
£120,000 would result from steam communication." 

Minerva, — We shall close our examples of steamers by 
giving some details of the Cork Bteam Navigation Com- 
pany's iron vessel Minerva, running between Oork and 
Glasgow. She was built by Messrs. Thomas Yemon and 
Co., in 1 846-47, and fitted with side-lever engines by Messrs. 
Bury, Curtis, and Kennedy, of Liverpool. 





FT. 


IN. 


Length on deck . . . . 


. 197 





Length between the perpendicalars 


. 190 





Breadtii of beam, eKtreme 


. 26 





Depth of engine room 


. 16 


6 


Length of engine room 


. 57 





Burthen in tona, bnilders' old meas. 


No. 655 


a 


Horses power 


No. 384 





Diameter of cylinders, each 70 inches x 6 ft. 2 in. stroke ; extreme 
diameter of paddle wheels 26 ft. 9 in. ; floats 9 ft. 10 in. longx 2 ft. 1 in. 
deep, No. 22 ; revolutions 19 to 21 per minute; two tubular boilers, toge-* 
ther 19ft. long, fixed from each end; total number of furnaces, 12; each 
boiler has 526 tubes, 3 in. diam. x 7 ft. i in. long ; has an elliptical stem ; 
is clinker-built to the water line, and carrel-built above; and is schooner 
rigged, with two masts, without top masts. 

Maximum speedy 15 to IS-knots, or 17§ to 18} statute miles. 

Estimate of the Number of Merchant Steamers. — The 
number of merchant steamers belonging to the United 
Kingdom at present is about 1200, the registered tonnage 
of which, exchisive of the engine-room tonnage, is 165,000, 
equal to a gross tonnage of about 295,000 tons ; propelled 
by engines of 100,000 horses power. 

Estimate of the Number of Steamers in the Royal Navy. — 
The number of steam vessels of all kinds in the Eoyal Navy 
is at present about 190, representing a gross tonnage of 
perhaps 150,000.; and propelled by engines of 51,000 horses 
power. The number of arm&i steamers in the Eoyal Navy 
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is about 125, carrying 800 guns (ezolusiTe of the armaments 
of the guard and block ships fitted with auziliarj enginee), 
and propelled by enginep of about 41,000 horses power. 

I%tf French Steam Navy, — The IVench steam navy ia 
believed to consist at present of 114 vessels propelled by 
engines of 26,000 horses power, irrespective of those not 
yet completed. The number of steam trading vessels in 
France during the year 1850 was returned at 279 ; having a 
tonnage of 40,098 tons, and a power of 22,893 horses. 

Amonst the Tables at the end of the book will be found 
one of paddle-wheel steamers in the Eoyal Navy. Also, a 
Table giving the principal dimensions of 195 paddle-wheel 
steamers of all classes. 



Regi»tering Paper used in Trials of Government Steamers, 
^-The foUowihg is the form of registering paper used by 
the Admiralty engineer officers in determining the mazimmn 
speed of a steam vessel at her trial : 



Bemarks, 



Time 
oocu< 
led 



Total 
Num- 
ber of 
BeYoln- 
tions of 
Screw. 



Aver- 
age 
number 
of revo- 
lutions 
per mi- 
nute. 



ofRevo-ofBevo- 



lutionof 
Engine. 



Total 
number 



lotions 
per mi- 
nute. 



Aver- 
age 
number 



Observ- 
ed Bate ed 
of Sliip. 



Reduo- 
Rate 
of Ship, of 



True 
Rate 
Ship. 



The " Observed Bate" is deduced from the time taken 
to run the measured knot or mile in each separate experi- 
ment ; the " Reduced Eate" is the mean of the two adjacent 
ezperim^its, the one with and the other against the tide, 
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the mean of the first and second experiment giving the first 
reduced rate, and the mean of the second and third, the 
second reduced rate ; and so on, each experiment after the 
first being thus used twice in the calculations. The true 
rate is the mean of the first and second reduced rates, and 
of the second and third, and so on, thus using each reduced 
rate twice also as before, and the mean of the true rates is 
then taken as the speed of the vessel. 

Speed o/the VeueL — Two posts are erected on tbe shore 
to mark the distance either of a knot or mile, and at about 
200 jards or farther inland from these, two other posts are 
erected at right angles to the first. It is evident that a 
Teasel running at any distance out at sea from these posts, 
if kept by the compass or by any leading marks parallel to 
the line of measurement, will run the exact distance as mea- 
sured when she brings the inland posts into one with those 
on the shore as she passes them. It may be observed, that 
a mean of the times would not give a true result, as no com- 
pensation would in that case be given for the greater length 
of time that the tide would act against the vessel than it 
would in her favour. By the system adopted th^ influence 
of the tide is thrown out as far as possible ; and, if the tide 
should flow at the same rate, or should increase or diminish 
by regular gradations during the series of triab, the result 
would be mathematically correct. In making the experi- 
ments it is essential to avoid any change of the direction of 
the tide during the series, and also, if possible, to select a 
calm day. If the wind is in the direction of the course, 
the effect will be less detrimental to the mean speed of the 
vessel than if it be on her beam. In the latter case the 
vessel is driven to leeward while running both up and down 
the course, and thus subjected to a constant retarding force, 
while in the other case the wind is in favour of the vessel 
in one direction, though in the other it retards her in a 
somewhat greater degree. 
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To fiujilitate these calctdations, tbe Table (No. XIV.) 
wbich will be found on p. 223 of the Appendix is used by 
the officers of the Admiralty. 

With reference to the question of arming merchant 
steamers, the following also was given in eyidence before 
the Committee of the House of Commons : 

Mr. Andebsoit says, that, " according to the present con- 
tracts for carrying the mails, the vessels are to be so con- 
structed in respect of scantling and arrangements as to 
carry and fire four guns of the largest calibre then used in 
her Majesty's service. Also the 0t)vemment have the 
power to take the vessels at two months' notice, the indem- 
nification for the hire, purchase, or. destruction of them, to 
be determined by arbitration. Thinks the same arrangement 
might be extended to all vessels capable of carrying heavy 
guns. Has ascertained from competent parties that all the 
merchant steamers of 400 tons and upwards are capable of 
carrying pivot guns, with some strengthening. Opinion, 
that in the greater number of cases exemption from the 
coast-light ,.dues, and from the unjust law of being com- 
pelled to take a pilot whether he is wanted or not, would 
be sufficient compensation to owners for the additional 
expense incurred for strengthenings, «&c. There are about 
170 vessels from 400 to 1000 tons which would carry guns. 
Opinion, that the exemptions proposed would not induce 
steam-boat owners to put the machinery under the water 
line, the expense being too heavy. More than three times 
as much money is coUeeted for the light dues than is ne- 
cessary to support them. It is expected that a bill will 
be brought in to reduce the light dues to a fixed rate per 
annum." * 

* The entire amount of daes at present collected is about ;^430,000. 
The maintenance of the light houses costs about £140,000 per annnm. 
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JoHv EuiPH ]P)n6le2>i7b» I^q. — '* Has had experienee 
in the Navy as gunnerj officer. Considers nearly all om: 
sea-going vessels might be made to cany guns. No exl^a 
lisk from engines and boilers being above the water line. (?) 
Has had much experience with heavy guns, and thinks a 
68 pounder worked as easily as a heavy 32 pounder, and 
mth little more concussion. Opinion, that vessels of 600 
tons are quite capable of carrying two pivot guns. Opinion, 
that the engineers would require better pay than those 
in the Navy. On board the Oriental boats a first-dass 
engineer receives £16 to £26 per month. It is true 
tliat in the Queen's service the chief first-class engiueers 
get £17 a month and pensions, but we find our first 
engineer as good a table as you or I would sit down to — in 
fact, they live like princes. In the Navy they have to find 
their own table, except the common rations of the ship. As 
regards pensions, I have heard some of the engineers say, 
* What is the use of a pension ? Very few of us will ever 
live to enjoy pensions ; if we go on a foreign station, perhaps 
there is not one of us that will return to receive it.' Ift 
India we have scarcely kept a complete crew of engineers 
for more than a year together ; we have entire changes year 
after year, principally from death, and from liver complaints 
arising from the intense heat of the engine room. Opi- 
nion, that the average speed of the mail steamers is about 
one or one and a half knots more than those in the Navy. 
Increased speed is a great element of superiority. The 
conversion of the mail steamers into war steamers would not 
necessarily diminish their speed. The armament would be 
of far less weight than the cargo is now. War steamers 
are built to sail well, which accounts for their inferior 
speed. There may be a few fSast vessels in the Navy, but 
they have extravagant power and carry but few coals. 
Our Mediterranean vessels average 10 to 11 knots. Gu- 
nard's vessels make 280 to 300 miles a-day. One of these 
Teasels carries more weight than a man-of-war of same . 

13 
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tonnage. The weight is all below ; but if part were put 
on deek in the shape of gtms, it would be oounteracted 
b J putting weight below. In a ressel of this siie it 
would have no material effect, and she would go just as 
fast. Private builders are not fettered, and eompetitioii 
produces a good article ; but in the Gfovemment yards tha:e 
has been one surveyor and one system for a length of time. 
Second-class steamers of 500 to SCO tons would cany a 
68 pounder in addition to the 32 pounds on the quarter- 
deck. Opinion, that the steam chest of the Hindostan would 
be well protected with 10 feet of coal on each side. Those 
vessels in the Navy which have their boilers below the water 
line would not be protected when the ship rolled. I have 
no doubt that the spar deck of the Hindowtun could be 
strengthened to carry a 90-cwt. 10-inch gun. Would 
particularly draw the attention of the Committee to the 
Bombay steamer, which has been fitted to carry two lO-inch 
guns and 10 medium 32 pounders, and is in every way 
equal in fittings and efficiency to any vessel in H. M. 
service." 

Mr. Ain)EEw Lamb. — **Is superintendent engineer to 
P. & O. Company. Opinion, that the engineers of the 
private companies would volunteer at a moment's notice, 
if the vessels were required for H. M. service^ There 
would be no difficulty whatever if a provision were gua- 
ranteed, the same as the engineers in the Navy have. 

" It would be quite practicable to place the boilers and 
steam chests in merchant steamers below the water line, 
and it would not interfere materially with the stowage. In 
our first-class vessels like the Hindastan, there is 10 feet of 
coal between the steam chest and the ship's side. In this 
vessel I should imagine the engineers to be safer than in any 
of H. M. steamers I have seen, because a body of coal is 
carried between the boilers and engines, against which the 
force of steam would spend itself in the event of an explo- 
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sion ; the stokers would suffer most. The engineers and 
stokers would not be so safe from shot as if the engine 
room weaee below the water Hne. The coal that protects 
the boilers is left till the last, and bj l^e time that is 
wanted it is time to look out for a coaling port* The Pe- 
ninsular and Oriental Company do not do their own repairs 
either to ships or maehinerj. It is more economical to 
ernploj prirate individuals. The machinery made at Wool- 
widi cannot be better than ours, and should not be worse. 
Has never found any obstacle in getting the repairs done 
efficiently and with readiness. The annual expenses on a 
Tessel and maehinexy amount to seven per cent, on the 
total original cost." 

CAPTAor Edward Chappell, B. N. — " Is Secretary and 
Joint Manager of West India Packets. Opinion, that all 
their vessels would carry even a d5-cwt. gun forward, but 
not in all cases abaft, as the stems rake too much. Would 
put 32 pounders in the entrance ports for broadside guns. 
The average speed, induding the intercolonial work, is 8 
knots. On their trial trips, without cargo, they had a speed 
of 12 knots. Opinion, that they would surpass in speed 
all the men-of-war, with the exception of the five or six last 
new boats ; men-of-war have heavier scantling, which gives 
them greater weight. The Urgent mail steamer was bought 
by the Admiralty, but proved a complete pick-pocket from 
the lightness of her scantling. 

'^ Opinion, that the engineers would remain on board if 
compensated. Thinks they are not a class of men who like 
nuutial law. We pay our engineers £16 to £20 per month, 
^e commenced with all good men at £20 per month, and 
have had few accidents in consequence. We use the beam 
engine in all our boats, except the Conway ; she has direct- 
acting engines, and we very much regret it. We use all 
flue boilers on a peculiar plan of our own engineers.'' 

Cejlbles Wtb Williams, Esq.—" Is manager of the 
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City of Dublin Steam-Packet Company, which owns 24r 
ships of 10,837 gross tonnage. Our vessels often carry 
very heavy deck loads. One of the smallest has often ea^ 
ried on deck, in bad weather, two locomotives, weighing 17 
tons each. We have carried troops, a thousand men, witli 
heavy baggage, besides women and children. In our maii 
boats, where the work is severe, we give our first engineer 
£2 16«.; to the second, £1 17«. Bd; to the third, £1 8*. 
In the other vessels, to the first engineer, £2 10«. ; to the 
second, £1 15«, ; no third engineer." 

Lieutenant Julitts Eobebts. — "Is a lieutenant of Eoyal 
Marine Artillery, and has been employed by the Admiralty 
to inspect contract steamers. Has surveyed a great many, 
and reported on thirteen for fittings. Ten have been 
equipped and completed for service. The others inefficaent, 
and unable to carry armament on accoimt of number and 
nature of fittings, windlasses, hatches, &c. Must have a 
clear deck, within sweep of bow and stem guns. Has found 
it necessary to strengthen knees and put in additional deck 
beams. Would put 32 pounders of 66 cwt. in merchant 
ships of 500 tons, as a pivot gun forward and aft. The four 
last vessels of Cunard's line would carry a 95-cwt. gun very 
well, and some others also. The United States Trans- 
atlantic steamers are larger than ours, but less capable of 
carrying guns for want of proper arrangements. Some of 
the contract steamers are and will be capable of carrying 
the heaviest shell guns. Would not call a steamer armed, 
if only with broadside guns and paddle wheels. Wants 
heavy pivot guns. Would imdertake, ^th enough hands, to 
alter and turn out 100 merchant steamers in two months, 
to carry heavy guns forward." 

Captaik Hendebsok, E.N, "has been in action in a 
steamer with batteries, but not with another steamer. 
Against batteries they answer admirably, because you can 
fight with steam down. Opinion, that in a general war 
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large steamers wcfvld be available against line-of«battle 
ships, because the line^of-battle ship would be taken on her 
weak points by the larger, guns of the steamer, which 
would keep at a dktanee, and could elevate her guns more 
than a sailing vessel could do. Opinion, that steamers 
might be brought into broadside action, and would not be 
80 vulnerable as people generally fancy. That in half an 
hour a line-of-battle ship would be very much crippled by a 
steamer, if it were calm or a light wind. If the line-of- 
battle ship had an auxiliary screw she would be a more 
dangerous enemy, but the steamer of superior speed would 
still have the advantage. In case of a battle, each ship of 
the line would have a steamer to tow her into position. In 
the first of the war we ought to have a number of light fast 
steam vessels to protect our trade and act as privateers. 
Opinion, that there is an end of blockades, because men-of- 
war could always be towed out by steamers when the block- 
ading fleet was blown off shore. Blockading would become 
an observation by steamers. With reference to arming 
large merchant steamers, it is a great mistake attempting to 
pat large guns of 80 cwt. and upwards in vessels that are 
built of light material, without immense strengthening. I 
am quite sure that merchant steamers are not near so 
strong in the scantling as Gt>vemment steamers generally.'' 

Captaik Chads, R.N. — " If I were in a 120-gun ship, I 
should not care for the Sidon. She dare not come under 
my guns. Supposing the line-of-battle ship in a calm, not 
having heavy pivot guns on deck, I should endeavour to cap- 
ture her if I were in the Sidon ; but I believe you might fire 
away the whole ammunition of the steamer vdthout hardly 
striking the ship, if you kept out of range of her guns, say, 
3000 yards. In a calm her boats would always keep her 
broadside on the steamer. Does not agree with Captain 
Henderson on this point. At 3000 yards, even under 
favourable circumstances, the steamer will not strike the 
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ship above eigbt or nine per cent. PiTot gima have little 
advantage over 32-pounder8 in the lower deck of a ship, as 
to precision. Opinion, that the merchant steamers would 
lose speed after thej had taken in their armament and 
spars. Is not aware that vessels of a comparatively small 
class will carry 50 tons of cattle on their decks, and do very 
well with it." 

Report of the Committee of the H(m9e of Commons. — ^The 
Beport of the Committee of the House of Commons, with 
reference to the " practicability of providing, by means of the 
commercial steam marine of the country, a reserve steam 
navy available for the national defence when required," is 
as follows : — 

" That mercantile steam ships of the size and strength 
necessary for the reception of such guns as are in use in the 
Eoyal Wavy, would be a most useM auxiliary force for na- 
tional defence ; and your Committee do not foresee any 
difficulty in carrying out such a measure. 

** That the prompt development of the whole available ma- 
ritime resources of the country, in the event of threatened 
hostilities, is most desirable as a means for the preservation 
of peace. 

" That the steps necessary for rendering such mercantile 
steamers available for the purpose, and the remuneration to 
be given by the public for fitting them and holding them 
liable to be called into the public service, must be matters 
of arrangement between the owners and the Government, 
upon which your Committee do not deem it necessary to 
offer an opinion." 
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TABLE No. I. 

ADHIBAXTT rOEMTTLA OF SPECIFICATIOIT POE MABIKS 
SNeiNES, WITH PADDLE WHEELS. 

Specification qf certain Particulars to he strictlv observed in 
the construction of a pair of Marine 8team-!kngines with 
Paddle Wheels^ referred to in the Admiralty Letter on Ser 
Majesty's Service. 1845. 

The tenders are to be made (in tripKckte) on the accompany- 
ing printed forms, every particular in which is to he strictly and 
carefully filed up; and all drawings, models, and boxes con- 
taining them are to be distinctly marked with the names of the 
parties transmitting them. 

The whole weight of each pair of engines, including the boilers 
(with the water m them), the coal boxes, the paddle wheels, the 
spare gear, the floor plates, ladders, gnard rails, and all other 
articles to be supplied under the contract, is not to exceed 190 
tons. 

The coal boxes (in the space of the engine room) are to con- 
tain eight-days* coal, computed at 8 lbs. per horse power per 
hour, and at 48 cubic feet to the ton. Sufficient details of the 
coal boxes are to be shown in the drawing, to enable a computa- 
tion of their contents to be made. In this computation the snace 
below the deck to the depth of six inches is to be excludea, to 
allow for the space occupied by the beams, and for the difficulty 
of completely filling the boxes with coals. 

To avoid tne possibility of mistake in the dimensions given in 
the drawings furnished to the respective parties, it is to be 
understood that — 

The length of the engine room, in the clear, is not 

to exceed 48fl. Oin. 

Breadth of ditto ^ a „ «i,^,^ :„ 

Denth of ditto > slJ^own m 

The centre of the shaft above the water line) ^^^ drawmg. 



184 APPBITDIX, 

The situation of ditto, as per drawing, or as near as can be. 
The holding-down bolts are to be secured by nuts let into the 
sleepers, so as not to require the bolts to pass through the 
vessel's bottom ; and the bolts are to have, at the lower end of 
their points, wrought-iron washers about eight inches square, and 
one inch thick, placed between the nuts and the wood. Should 
this mode of security be inapplicable to the particular kind of 
engine proposed, the engineer is fully to describe any other 
secure mode which he may think the most advisable to adopt. 
The pistons are to be fitted with metallic packings. 
The olow-off pipes are to be not less than 3i mches in dia- 
meter, and their thickness not to be less than i inch. 
^ The thickness of the steam pipes is not to be less than i inch; 
of the bilge pipes, not less than J inch ; of the feed pipes, not less 
than i inch ; of the waste-steam pipe, not less than j- inch ; and 
of the waste-water pipes (if of copper), not less than i inch. 

The cylinders are to be fitted with discharge or escape valres 
at the top and at the bottom of each, for allowing of the escape 
of water therefrom ; the valves to have suitable metallic cases to 
obviate the danger of persons being scalded by any escape of 
boiling water, fieverse valves are to be fitted to the boilers. 

Each cylinder is likewise to be fitted with a separate move- 
ment and valve, for the purpose of using the steam expansively 
in various degrees, as may from time to tmie be found eligible. 
The air-pumps are to be lined with gun metal of half an inch 
in thickness, when finished. 

The air-pump buckets are to be of gun metal, with packing 
rings. 

The air-pump rods are to be of gun metal, of Muntz*s metal, 
or of wrought iron cased with gun metal. 

The threads of all screwed bolts, nuts, and pins used in engines 
and boilers, and in every other part of the work furnished by 
the contractor, are to agree with the threads used in the steam 
department at Woolwich. 

A small engine is to be fitted, capable of working one of the 
pumps for feeding the boilers. 

Pipes to be fitted for supplying, in the event of a leak in the 
vessel, the requisite quantity of water from the bilge to the 
condensers. 

The hand pump to be made capable of being worked by the 
engine also, and to be arranged to pump into the boilers, on 
deck, or overboard ; and to oraw water from the boilers, from 
the bilge, or from the sea. 

The feed apparatus to be complete, independently of any feed 
from a cistern above the deck, should such be fitted. 

The steam pipes and all other pipes to be of copper, and their 
respective diameters to be specified in the tender. 

A separate damper to be ntted to every boiler, and dampers to 
be fitted to the fronts of the ash pits. 
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Brine pomps, or some other equally efficient apparatos, with 
re&igerators, to be fitted to the boilers. 

A smaU flat iron vessel to be fixed in one of the paddle boxes, 
with two pipes, one communioating with the stoke nole, and the 
other with the boiler, for obtaining a small supply of distilled 
water from the boiler. Air tubes to be fixed in the coal boxes, 
for ascertaining their temperature. Particulars will be fiimished 
to the contractors, on application to the captain superintendent 
at Woolwich Dockyard. 

The boilers are to be tubular, haying iron tubes of 2i or 3 
inches outside diameter ; and it is desirable that the upper part 
should not be a greater distance above the water line than cix* 
cranstances render necessary. They are to b© constructed in 
three or more separate parts, each of which may be used inde- 
pendently of theothers. Sufficient details ef the boilers are to 
oe shown, to enable a calculation to be made, of the area of fire 
grate, and of the fire and flue surface. 

In the manufacture of tubular boileis, care is.to.be taken to 
leave sufficient room between the crowns and the lowest row of 
tabes, with mud-hole doors iq the ^nt of each boiler, to admit 
a person into these. paits» both for th^e purpose of cleaning them, 
and of repairing them, without taking out the tubes. . AU mud- 
hole doors to be placed on the irmde oi the boilers. 

A space of 13 inches wide is to be left clear between the boilers 
and the coal boxes in eiPiery part.^ Thaboil<er& are to.be placed 
on a bed of mastic. 

The paddle wheels are to be of the -common consiaruction, and 
to be ntted with suitable brakes. Braithwaite's disconnecting 
apparatus is also to be applied. 

The power of the engines is.to be 260 horses, calculated at 71b6. 
effective pressure <« each sq«are inch of the piston, and- the speed 
of the piston 

n. in. 

for 4 stroke not to axceed 196 feet per minute. 

4 6 ditto . ' . .204 

6 ditto . . .210 

6 6 ditto . . .216 

6 ditto . . .222 

6 6 ditto . . .226 

7 ditto . . ';231 

7 6 ditto . , .236 

8 ditto . . .240 

All the necessary ladders for the engine room, together with 
fenders, guard rails, and floor plates, are to be included in the 
tender, and likewise the expense of trying and fitting the spare 
gear. 

The expense of clothing (in the following manner) the cylinders, 
steam pipes, and boilers is also to be included in the tender. 
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The cylinders are to be coyered with hair felt to the thickness 
of two inches. The felt is to be covered with dioronghly dried 
wood, and bound together by iron or brass hoops. 

The steam pipes are to be dotlied with felt, which is to be 
wonlded with spun yam, and then to be covered with canvas ; 
the whole to be of such thickness as to be even with the flanges. 

After it has been ascertained by trial tkat every part of the 
boilers is perfectly tight, two good ooats of red-lead paint are to 
be then ^ut on them, and felt apnlied to the tops, sides, and ends, 
to the thickness of two inches, wnile the paint is moist. For the 
more convenient application of the felt, it is to be previously 
stitched to canvas for the purpose of holding it together. The 
canvas is then to be well painted and carefully covered with 
thoroughly dried one-inch deal boards, having rabbeted, or 
grooved and tongued joints, and bound up to the boilers by 
suitable iron straps. 

The coating of felt and boards on the top of the boilers or 
steam chest is to be kept at least 18 inches from the funnel, and 
the circular space between the coating and the funnel is to be 
covered with a three-inch course of brick, set in cement, and 
surrounded and held together by an iron hoop, or this space may 
be filled up with mastic. 

The boards and bricks on the upper parts of the boilers are to 
be covered with sheet lead, 4 pounds to the square foot, so as to 
prevent any leaks from the deck reaching the felt. 

N.B. Parties contracting to supply machinery for her Ma- 
jesty's ships and vessels are to be bound in a penalty of one 
thousand pounds to complete their contracts at the stipulated 

Periods; and it is distinctly to be understood that it is their 
jordships' intention to enforce the bond in all cases where the 
machinery is not fixed and ready for trial at the time specified 
in the contract. 

The time required for completing the machinery so as to be 
ready to be put on board the vessel, is to be considered as com- 
mencing from the date of their Lordships' acceptance of the 
tender. 

And the period stipulated for fixing the machinery on board 
the vessel is to be calculated from the date the vessel is placed 
in the hands of the parties for that purpose. 

It is likewise to be understood that, if the weight specified in 
the tender be exceeded, the contractor is to forfeit one thousand 
pounds, or their Lordships are to be at liberty to reject the 
engines, the manufacturers paying one thousand[ pounds for the 
disappointment. 

It IS to be understood that the practice of fixing new engines 
on board her Majesty's vessels at Woolwich Docl^ard is to be 
entirely dUcontinued, The ports to which their Ijordships wiU, 
for the convenience of manufacturers, allow vesseLi to be taken> 
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are those of London, Liverpool, Greenock, Glasgow, and Dundee, 
provided the places at wbicli the yessels are to lie in those ports 
shall be named in the tender, and approved of bj i^eir Lordsnips. 

In all cases of vessels receiving their engines on board at any 
other port than that of London, a deduction of two per cent, will 
be made from the price of the engines named in the tender, as a 
compensation for the expense, wear and tear, and risk thereby 
incurred. 

No charge will be allowed for transporting the vessel to the 
place where the engines are to be fixed on board ; for coals in 
trying the engines until they are complete ; for boats, anchors, 
men, lighters, pilotage, canal or dock dues, 8hii)wrights' work, 
or for any other expense whatever^ The " watching of vessels 
is to be performed m future by offieeis and men in her Majesty's 
serviee. 



Tender ftwn fw a pair 

of Steam Enginee mtk Paddle WheeU, pursuant to a Letter 
from the Admiralty, dated , and the Specific 

cation accompanying the eame^ 

Collective power of the two engines .. ^ . 260 hones. 

Weight of the engines . . • . . 80 toni. 

Boilers and their apparatus . . • 45 „ 

Water in boilers • . . . 30 „ 

Coal boxes . • « •. • 10 „ 

Paddle wheels . . ^ ^ . 13 ., 

Spare gear, and all flttings-inelvded in contract 12 „ 

Total weight ...... 190 tons. 

ft. In. 
Diameter of cylinders • . ^ ^ .0 61j^ 

Length of stroke . » .. . ..46 

Strokes per minute . • . No. 24 

Diameter of paddle wheels • • . . . 21 

Breadth of ditto . . . . . .83 

Diameter of necks of intermediate and paddle-wheel ahafts 12^ 
Quantity of coals which can be stowed in \ 185 tons, or 8^ days' con- 

the coal boxea j sumption. 

Estimated consumption of coals per horse per hour . 8lb. 

Cost of engines, boilers, and coal boxes ;^1 1,090 1 Including the erection 
Ditto paddle wheels, common • . 800 j on board. 

Cost of duplicate and spare articles, as 1 Including the entare 

per list 850 I fittingandtryingofthe 

' I same wherever and 
Total cost ;^12,740j wheneTer required. 

Including all the items of expense mentioned at the end of the spe- 
cification. 
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Time required for completing the work ready to be pnt on 
board — ^for one pair, eight months ; for two pairs, nine months. 

Further time required for fixing the whole in the vessel, ready 
for serrice, two months. The engines to be fixed on boaj^l in 
the East Lidia Docks, London. 

The boilers, will be constructed on the tubular principle, em- 
bodying all the latest improvements. The tubes will be of iron, 
3 in. e]d;emal diameter, and 6 feet long, and secured in the best 
manner in tube plates of the best charcoal iron, f in. thick. 
The bottoms of the boilers will be composed of plates ^ in. 
thick ; the sides and tops of plates f in. thick ; and the fire 
bpxes of Lowmoor plates, f in. thick. The heating surfaces of 
the proposed boilers will be — grate-bar surface, 85 square inches 
per horse power ; total tube and flue surface, 16 s<}uare feet per 
horse, and effective surface 13^ square feet. Sufficient room will 
be left between the crowns of the furnaces and the tubes for 
cleaning the former. Each boiler will be fitted with separate 
safety valve and stop valve, so that either may be worked distinct 
from the other if required. Brine pumps will be attached to the 
boilers ; also a small feeding engine will be provided for working 
the supplementary feed pump. 

The boilers will be clothed with felt, wood, and lead, as usual 

The blow-off pipes will be of copper, 3i in. diameter, and i in. 
thick, having "their cocks, conical pipes, and stop valves of gun 
metal. 

The engine^ will be constructed on the direot-action principle, 
as shown by the drawings, and will embody all the latest im- 
provements. The slide valves will be formed on the long D 
construction. The air pumps will be of solid gun metal ; and 
the air-pump rod. and bucket, foot valve, andjdelivery valve, will 
be all of guA metal. 

There will be two feed and two bilge plunger pumps, each 
pump capable of suppljdng both the boflers. 

The pistons to be of the most approved oonstruc^n, with 
metallic packing. The steam pipes, feed pipes, and all other 
pipe§^ usually constructed of ccmper will be of this material, of 
sufficient thickness. All the bearings will be of best brass. 
Expansive gear will be attached to the engines. The framings 
of the engines will be composed chiefly of wrou^t iron, and wnl 
be made as light as is consistent with the requisite strength. 

The paddle wheels wiU be on the common construction ; and 
the shaft will run through to an outside bearing on the spring 
beam. 

The whole to be of the best, material ^d workmanship. 
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List of Tools and Spabb Articles for Paddle-wheel 
Engines of Horses Power, 

SNGINEEBS' TOOLS. 

No. 
Bnislies, for boiler tubes, to every 100 horse power . 20 
Drifts, short and long do. do. . .1 each. 

iFire irons ......... 12 

Mandrils do. do. . . .1 each. 

Scrapers, eircnlar and forked do. < . . 5 each. 

Spanners and wrenches of sorts 24 

Stocks taps and dies, from i inch to li . . . • 1 set, 

SPABE GEAB. 

Air pomp, side rods, with straps and brasses complete 

(if so fitted) 2 

Air-pump rod 1 

Air-pump cross head (if ^0 fitted) .... 1 

Arms for paddle wheels 4 

Bars, fiimace ♦ . . . . . ^ , \ set. 

Bearers 3 

(Beam, sway (if so fitted) 1) 

Boiler plates . ^ 6 cwt. 

Bolts and nuts for en^es, properly assorted . . . 120 
Bolts and nuts for paddle wheels, or rirets instead (if 

so fitted) 100 

BoHs and nuts hook for paddle boards . . . - 100 

Brasses for outer end of shaft 2 

(Cylinder side rods, with straps and brasses complete 

(if so fitted) ^) 

Cylinder lid 1 

Cylinder cross head (if so fitted) . - . . 1 

ipOTrules for boiler tubes, to every lOO-horse power . 50 

(Fork head (if so fitted) 1) 

(Side links to fork head, with straps and brasses com- 
plete (if so fitted) 2) 

Paddle boards . . 12 

Paddle plates 18 

Piston and rod 1 

Eod connecting with strap and brasses, complete . 1 
„ Parallel motion, wim brasses complete, for one 

engine 1 set. 

„ Feed pump (if so fitted) 1 

„ Bilge (if so fitted) 1 

„ SUde . 1 

Screws, packing, for slide, complete for one engine . 1 set. 

Segments for paddle wheels, large . . . . 4 
Segments for paddle wheels, small (if so fitted) . .2 



190 UPPEXTDEC. 

Spring for eacb piston (if so fitted) . . . . 1 set. 

Springs for other parts of engines, for 1 engine . . 1 set. 

Tubes, boiler, to every lOO-borse power . . . 10 

Tubes, glass, for barometers 2 

Tubes, glass, for boilers 4 

Valve, loot, without seat . . . ^ , . 1 

Washers, iron 100 

Note. — Such articles contained in this list as are not to be 
found in the particular kind of engine tendered for, to be struck 
out by the party tendering ; and any articles may be added to it 
which, from the construction of the engines, he may consider 
ought to be supplied. 
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JlJDMIBALTT FOBMTJLA. or SPBCIFICATIOTT TOE MAEUTE 
ENGINES, WITH SCBEW PEOPELLEES. 

Specification of certain Particulars to he strictly observed in 
the construction of Marine Steam Engines (with Screw Pro- 
pellers), referred to in the Admiralty Letter of the ^th of Sep- 
tember, 1845, ybr Her Majes1/^s Steam Guardship of 72 Gwis, 
with Auxiliary Engines of4&0Sorse Power. 

The tenders are to be made (in triplicate) on the accompanying 
printed forms, every particular in which is to be carefully and 
strictly filled up ; and all drawings, models, and boxes contain- 
ing them, are to be distinctly marked with the names of the parties 
tr^smitting them. 

The coal Doxes (in the space of the engine room) are to contain 
as much room as possible. The arrangement, and quantity (com- 
puted at 48 cubic feet to the ton) to be shown in the tenaer. 

The consumption of coal per horse power, and the number of 
days* coals which the boxes vml contain, are to be accurately stated 
in the tender. 

The breadth and depth of the engine room are shown in the 
drawing. If the length should be found insufficient, the foremost 
bulkhead may be removed as much farther forward as is neces- 
sary; but the situation of the after bulkhead is not to be 
altered. 

As the engines will not be so frequently worked as in an ordi- 
nary steam vessel, especial care is to be taken in the arrangement 
of the boilers and machinery, that every part may be easily ac- 



APPEKBIX. 191 

cessible, so that no difficulty maj be found in preserving them in 
an efficient state. 

The situation of the centre of gravity of the whole machinery, 
coals, &c., to be shown in the drawing. 

The pistons are to be fitted with metallic packings. 

The blow-off pipes are to be at least 3i inches in diameter, and 
their thicknesB not to be less than i inch. 

The thickness of the steam pipes is not to be less than i inch ; 
of the bilge pipes not less than i inch ; of the feed pipes not less 
than i inch ; of the waste steam pipe not less than i inch ; and 
of the waste- water pipes (if of copper) not less than i inch. 

The cylinders are to be fitted with discharge or escape ralves 
at the top and at the bottom of each, for allovnng of the escape of 
water therefrom ; the valyes to have suitable metaUio cases to 
obviate the danger of persons being scalded by auy escape of 
boiling water, fieverse valves are U> be fitted to the boilers, 
and efficient stop valves at the ship's side to the waste-water 
pipes. 

Each cylinder is likewise to be fitted with a separate movement 
and valve for the purpose of using the steam expansively in 
varions degrees, as may from time to time be found eligible. 

The air-pumps are to be lined with gun metal of halif an inch 
in thickness, wnen finished. 

The air-pump buckets are to be of gun metal, with packing 
rings. 

The air pump rods are to be of gun metal, Muntz's metal, or 
of wrought iron cased with gun metal. 

The threads of all screwed bolts, nuts, and pms used in the 
engines and boilers, and in every other part of the work fur- 
niSied by the contractor, are to acree with the threads used in 
the steam department at Woolwich. 

A fan-blower with all the necessary apparatus is to be provided 
for blowing the fires in the event of injury to the funnel ; and* a 
small engine is to be fitted, capable of working the blower as well 
as one of the pumps for feeding the boilers. 

Pipes to be fitted for sup^ying, in the event of a leak in 
the vessel, the requisite quantity of water from the bilge to the 
condensers. 

The hand pump to be made capable of being worked by the 
engine also, and to be arranged to pump into the boilers, on deck, 
or overboard ; and to draw water from the boilers, from the bilge, 
or from the sea. 

The steam pipes and all other pipes to be of copper, and their 
respective diameters to be specified in the tender. 

A separate damper to be fitted to every boiler, and dampers to 
be fitted to the fronts of the ash-pits. 

Brine pumps or some other equally efficient apparatus, with 
refrigerators, to be fitted to the boilers, and blow-off pipes so 
arrangjed that any boiler may be blown off separately. 



192 APPSKDISC. 

Air tubes to be fixed in the coftl boxes, for ascertaining their 
temperature. Particulars of these and other small fittings, such 
as glass water gauges, &c., to which the contractors will be 
required to conform, will be furnished to the contractors on 
application to the captain «uperintendent at Woolwich Dock- 
yard. 

The boilers are to be of the tubular construction haying tubes 
of 2i or 3 inches diameter outside/ the t^ost with iron and with 
brass tubes respectively is to be specified in the tender. 

The boilers are to be constructed in three or more separate 
parts, each of which may be used independently of the othen. 
sufficient details of the boilers are to be shown, to enable a cal- 
culation to be* made of the area of fire grate and of the fire and 
flue surfaee. 

In the manufacture of tubular boilers eare is to be taken to 
leave sufficient room between the crowns and the lowest row of 
tubes, with mud-hole doors in the fpont of each boiler, to admit 
a person into these parts, both for the purpose of cleaning them, 
and of repairing them^ without taking out the tubes. 

A space of tmrteen inches wide is to be left clear between the 
boilers and the coal boxes in every part. The boilers are to be 
placed on a bed' of mastic. 

^ The power of the engines to be 450 horses ; and the weight, 
if possible, not to exceed 300 'tons ; the power to be calculated 
at 71bs. effective pressure on every square inch of the pistons ; 
and at 45 strokes per minute. 

The whole of the machinery and boilers to be below the lower 
or sleeping deck. 

The speed of the propeller shafb to be at least 45 revolutions 
per minute, the shaft to oe driven direct from the engines. 

The screw propeller to be two-threaded and to be made of ^ 
metal of about 15 ft. 6 in. in diameter, and of the form to be here- 
after determined. 

The screw to be hung upon a separate shaft, capable of being 
easily disengaged from the driving shaft, and suitable means are 
to be provided for shipping and unshipping it through a trunk 
exten(ung from the upper part of the aperture for the screw to 
the upper deck. 

It IS to be understood that any plans in which the arrange- 
ments may differ from those above described will be taken into 
consideration, if they shall apnear likely to answer. 

All the necessary ladders for the engine room, together with 
fenders, guard rails, and floor plates, are to be included in the 
tender, and likewise the expense of trying and fitting the spare 
gear. 

The expense of clothing (in the following manner) the cylin- 
ders, steam pipes, and boilers, is also to be included in the 
tender. 

The cylinders are to be covered with hair felt to the thick- 



AjPEinaix.— sPECiriCATioN. 193 

nesfl of two inches ; the felt is to be covered with thoroughly- 
dried wood, well fitted, and bound together by iron or brass 
hoops. 

Tne steam pipes are to be clothed with felt, which is to be 
woolded with spun yam, and then to be covered with canvas ; 
the whole to be of such thickness as to be even with the flanges. 

After it has been ascertained by trial that every part of the 
boilers is perfectly tight, two good coats of red4ead. paint are to 
be then pnt on theln, and felt applied to the tops, sides, and 
ends, to iJie thickness of two inches, while the paint is nu>ist. 
For the more convenient application pf the felt, it is to be pre- 
viously stitched to canvas for the purpose of holding it together. 
The canvas is then to be well painted and careftdiv covered 
with thoroughly dried one-inch deal boards, having rabbeted, ot 
grooved ana tongued joints, and bound np to tne boilers by 
suitable iron straps. 

The coating or felt and boards on the top of the boilers or 
steam chest is to be kept at least 18 inches from the funnel, and 
the circular space between the coating and the funnel is to be 
covered with a threfe-inch course of brick, set in cement, and sur- 
rounded and held together by an iron hoop, or this space may be 
filled up with mastic. 

The ooards and bricks on the upper parts of the boilers are to 
be covered with sheet lead, 4 poimds to the square foot, so as to 
prevent any leaks ifrom the deck reaching the felt. 

The engines to be fitted on board the ships, either in the 
Thames, at Portsmouth or Plymouth ; the parties tendering to 
»tate the expense of fixing the machinery at eachplace respec- 
tively, it being understood that if &iied in the Inames, dock 
dues and all other expenses are to be borne by the contractors. 
But if at Portsmouth or Plymouth dock yards, the use of the 
government shears or cranes, with the necessary hands, will be 
Allowed for lifting the heavy weights. 

N.B. The time required for completing the machinery so as 
to be ready to be put on board the vessel, is to be considered 
as commencing from the date of their Lordships' acceptance of 
the tender. 

And the period stipulated for fixing the machinery on board 
the vessel is to be calculated from the date the vessel is placed in 
the hands of the parties for that purpose. 

Parties contracting to supply machinery for Her Majesty's 
ships and vessels are to be bound in a penalty of one thousand 
pounds to complete their contracts at the stipulated periods, and 
it is distinctly to be understood that it is their Lordships' inten- 
tion to enforce the bond in all cases where the machinery is not 
fixed and ready for trial at the time specified in the contract. 

It is likewise to be understood that, if the weight specified in 
the tender be exceeded, the contractor is to forfeit one thousand 

K 
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j^nnds, or their Lordships ate to be at liberty to reject tbtf 
en^es, the maixufactarerB paying one thousand pounds for the 
disappointment. 



TBNDfiBj^ewi for apctir tyf 

Steam- Engines (with Screw JPropellersJ, punuant to a Letter 
from the Admiralty/, dated the 9th of September, 1845, and the 
Specification accompainying the same. For a 72- Chin Stecbm 
Guard Ship (auxiliary), 

N.B. All the following particulars are ta be carefully stated in 
this paper, so far as may relate to the tender required by the 
Admiralty. 

In words and figures. 
Collective power of the two engines four hundred and fifty horses 450. 



^1 

i! 

ir 



Weight of engines 



Do. 



apparatus J 
Water in the boilers 45 



127 tons. 
55 



Do. Coal-bozes . . 15 
Do. Propeller, pro-" 

peller shaft, and ma- » 30 

chinery for driving it , 
Do. Spare gear, andl 

all fittings mclnded V 18 

in contract 



One hundred and twenty-seven. 

Fifty-five. 

Forty-five* 
Fifteen. 

Thirty. 
Eighteen. 



Total weight 290 tons. Two hundred and ninety. 



Diameter of cylinders 
Length of stroke ...» 
Strokes per minute . . . 
Revolutions of propeller 1 

shaft per minute J 

Piameter of the necks of 1 

the engine shaft J 

Do. Propeller shaft 
The quantity of coal which ' 

can be stowed in the 

coal boxes 
Estimated consumption of 

coals per horse power 

per hour 
Cost of engines, boilers audi 
• coal boxes j 

Do. Propeller, shafts, and 1 

all machinery connected I 
. with them J 



four, each 50 in. 
3 ft. in. 
No., 45 

No., 45 

13 in. 
13 in. 

250 tons, being 9 days* consumptioii. 



6 lbs. 



^17,620 



3,650 



1 



Including the erection on 
board. 
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Cost of Duplicate and spare 
artisdes ae per inclosed 
list, and all. fittings and 
other articles tp be sjap- 
plied under the contract ^ 

Total cost 



.€1,450 



. £22,720 



'Including the entire fitting 
and trying of the same 
wherever and whenever re- 
quired; and all the other 
items of expense mentioned 
at the end of the specifica- 
tion. 



12 months. 



3 months. 



Time required for complete 1 

ing the work ready to be 

put on board ' J 

Further time required fori 

fixing the whole in the | 

vessel, so as to be^fit for I 

service J - 

At what place the engines are to be fixed on board. 

The construction and dimension of the boilers to be here de- 
scribed, and the thickness of the plates of the various parts of 
them ; and if the boilers be tubular, the diameter and length 
of the tubes to be specified, as well as the material of which 
they are to be composed. 
Boilers to be tubular, over aU 19 fl. 9 in. long, 24 ft. wide, and 

12 ft. high, being kept (as well as the engine) entirely under the 

orlop deck. Heating, surface to be 15 sq. ft. per horse power, and 

grate-bar surface, SOsq.in. per ho?^e.« . 
Engines to have four horizontal cylinders driving the screw 

shsft direct. 

The blow-off pipes to be 4 in. in diameter and ^ inch thick, of 

copper; having their cocks, conical pipes, and stop valves oigun- 

metal. 

The whole to be of the best materials and best workmanship. 

N.B. The position of the engines, propeller, boilers and coal- 
boxes to be distinctly shown in the accompanying drawings of 
the engine room. 



List of Tools and Spaeb Aeticles for Engines (with Screw 
^Propellers) of4J50 Morses* Power, 

EKGINEEBS' TOOLS. 

No. 

Brushes, for boiler tubes, to every 100 horse power . 20 

Drifts, short and long do. do. . . 1 each. 

Fire irons 12 

Mandrils do. do. . . 1 each. 

Scrapers, circular and forked, do. do. ; .5 each. 

Spanners and wrenchers of sorts . . . . 24 

Stocks taps and dies &om i inch to H • *. • 1 set. 

K2 
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Air pomp, side rods, widi straps and brasses complete ^^ 

(if so fitted) . . . . . . . . 2 

Air-pump rod ........ 1 

Air-pnmp cross head (if so fitted) 1 

Bars, funiace ^ set 

Bearers *. . • 3 

Boiler plates 6 cwt 

Bolts and nuts for engines properly assorted . . . 120 

Cylinder lid. . 1 

Cylinder cross head (if so fitted) 1 

lerules for boiler tubes, to every 100 horse power • 50 

Piston and rod ....»..« 1 

Propeller and shaft complete 1 

Bod, connecting, with strap and brasses complete . . 1 

„ Feed pump (if so fitted) 1 

„ Bilge pump {if so fitted) 1 

„ Slide 1 

Screws, packing, for slides, complete for one engine . 1 set. 

Springs for each piston (if so fitted) .... 1 set. 

Springs for other parts of engines, for 1 engine . . 1 set. 
Tubes, boiler, to every 100 horse power . . .10 

Tubes, glass, for barometers 2 

Valve, foot, without seat 1 

Washers, iron • . • 100 

Note. — Such articles contained in this list as are not to be 
found in the particular kind of engine tendered for, are to be 
struck out by the party tendering, and any articles mav be added 
to it which, from the construction of the engines ana propeller 
machinery, he may consider ought to be supped. 



Note. — For Tables III. and IV. see also " Artizan Journal'' 
for 1849 and 1850. This journal is the more specially devoted 
to steam navigation and machinery generally. 
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TABLE No. III. 

TABLE OP THE PRINCIPAL DIMENSIONS OF 194 STEAMERS 
WITH PADDLE-WHEELS. 



20 



25 



36 



Name of 
thsYeueL 



Acadia 
Africa . 
Agir . 
An>ert. 
America 
Aaia 
Atlantic 
Aurora 

Baltic . 
Banshee 
Baron Osy . 

Bentinck 
Berenice 
Birkenhead, 

16 Black Eaglei 

B,N. 
Blackwall 
Bolivia 
Brian Boiro- 

rimhe 

Britannia 

Britaonia 



(t. ia. 
206034 





150 3 
146 
261 



2800 
163 



190 027 2 



190 



236 039 
170 028 



2U037 6 



Brit. Queen 
Briton 



15Q0 



Bmnswick 

Boll Doe» 
B.N. 

Caledonia 

Cambria 

Camilla 

Canada 

CardijSCastle 
30 Celt . 

City of Lon- 
don . 

CityofPariBl70 

Clyde . 

Colon . 

Cora . 

Courier 

Craigniflh 
Castle 

Cumberland 



26 
CyclopeB.N. 196 038 



fl 



22 9 



46 032 



24 914 



165 026 
160 019 
200027 

180 026 
.206034 
167 022 

246040 

160 020 



194 
2060 
220 
190 023 


172 6 



216 032 
023 
216 036 
190 082 
186 084 
176 322 



2000 



ft In. 
6 



27 
10 
13 

125 
27 

031 



13 



14 9 



031 6 
8 



19 



9 

1 

1 

19 3 



156 020 810 8 



172 619 8 



23 

14 10 
9 10 
16 3 

16 9 
6 
10 9 



627 



9 14 
9 



021 
02 



24 6 
14 8 

25 6 
9 8 



020 
613 
630 6 
020 
317 
712 6 



9 8 



013 7 
023 



11 



1160 
2130 
266 
400 
1766 
2130 
2720 
436 

2726 
670 



2020 
646 

1410 

600 
268 
706 

600 
1160 
412 

1862 



1126 
1160 
1360 
630 
1756 
317 
276 

1119 
426 

1360 
860 
970 
429 

317 
610 

1300 



Nomi- 
nal. 






814 
80 
160 
674 

814 
800 
161 122 7 





25 
19 



600 

260 123 



560 30 



616 
17 



20 3 
16 6 



26 4 
28 6 

21 8 



13 

16 

6 



31 017 



18 6 
16 6 



6 

5 

26 616 
28 616 
617 



26 614 
6 



30 



19 
21 8 



19 
26 6 



I, 



wood 



7 6 



wood 



wood 



wood 
iron 



17 



6 6 



26 016 6 



Duncan 
B. Steele 
Fairbaim 
Wilaon 
R. Steele 
Ditto . 
American 
ConneU 



Lan^, Jan. 
Bobmsons < 

Boaaell 
Wilson 



wood 
iron 



wood 
iron 



wood 



iron 
wood 
iron 



wood 
wood 



iron 



wood 



Bnildenof 
theVeiMl. 



Laird • 

Lane . 
Ditchbum . 
B. Napier . 

Ditto . 
Duncan 
Smith and 

Bodger . 
Curling and 

Young 
Tod and 

M'Gregor 
Ditchbum . 

I^ymondfl 

Duncan 

li. Steele . 

Caird . 

B. Steele . 

Caird . 

Denny 

B.Na{iier . 

Duncan 
Wigram 
Patterson . 
Wingate 

Caird . . 
Tod and 

M'Gregor 
Symonda . 



Makers 

of the 

ICaohinerj. 



B.Napier 
Ditto 
Fairbaim 
Maudalay 
B. Napier 
Ditto 
American 
Coates and 

Young 
American 
Penn 



Pawcett 
B. Napior 

Foixester 

Penn 
Miller 
B. Napier 

Ditto 
Ditto 
Smith and 
Bodger 
B.Napier 

Tod and 

M'Gregor 
Seaward 

Bennie 

B. Napier 

Ditto 

Grendon 

B. Napier 

Caird. 

Wingate 

B. Napier 

Joyce 

Cajrd 

Penn 

MiUer 

Wingate 

Caird 
Tod and 

M'Gregor 
Seaward 
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Name of 
the Vessel. 






Si 






Boilden of 
theVesseL 



Makers 

of the 
Machinery. ' 



t 



45 



50 



66 



40Dandg, 
Pross.Bjr. 
Dee . 

Demeran . 
Dandalk 
Dundee 
Duchess 
,ArgyU . 
Bagle . 

Bblano 

Bclipse 

Bdipse 

Bmn, B.B'. , 

Braperor 

Eng^eer 

Bqnador 

^Bvropa 
Baxine 
Fairj . 

Fairy . 

Father 
niames . 

FaYorite 

Finella 

Fire King , 

Frederik- 
shald 

Fitmroy So- 
merset 

Foyle . 

Fury. B.N. 

Ckuiges 

Georgia 
Gtorgon,R.N. 
Crreat Ijiyer- 

pool . 
Great W^st- 

em . 
Gnadaloupe 
Gnadalqui- 

rer . 
Hamburg 
Helen 

M*6regor. 
Helwellyn . 
Her Majesty 



ft. in: 

880 0134 4{ao 



ft. In, 
3 



216 



36 9 30 3 



286 041 033 
173 026 116 6 
176 028 017 6 



147 014 6 



00 



66 



70 



76 



168 023 014 



251 6 

JO 
129 



146 019 
176 
180 
180 028 
134 016 



Heme 



18 



106 

205 6 
160 016 
156 019 
14 
32 



108 6 
240 



162 018 1 



38 2 
6 
16 3 



125 016 7 



20 



196 
195 3 



2660 
180 



226 



216 
186 



206 
215 



180 
132 6 
126 



Hibernia .|218 086 24 
Hindostan .1236 039 030 



26 2 



26 8 

18 6 

8 3 

7 8 



102 719 8 



26 





30 4 



46 033 
37 620 



30 10 



036 



423 

SO 018 



26 
26 8 



026 





17 
14 



1«0 021 6 



6 6 

8 6 



iO 
12 
11 
16 

7 

10 7 



19 8 



Tons. 
1280 

1326 

2318 
656 
650 

100 
150 

635 
200 
278 
98 
1270 



316 

1764 
1200 
185 

140 

247 
413 
327 
663 
168 

200 

761 
1123 
1066 

2300 
1100 

1140 

1340 
800 

660 
080 

691 
188 
120 

366 

1360 

1800 



Nomi- 
nal. 
40O 



24 416 



70 
73 

370 
62 

100 
60 

416 

104 

174 

690 

450 

66 

62 

90 
150 
110 
300 

46 

108 

872 
516 
470 

700 
320 

468 

450 
360 



16 6 
11 



wood 



Seott Bus- Botnnsona 



436 29 8 



17 



910 6 
11 6 wood 



18 

22 

33 

28 6 

16 6 

14 6 

18 6 


19 6 

9 6 



6 

25 6 
29 8 

36 


28 6 



220 P7 
270 



18 6 
30 




6 


Owood 
iron 



wood 
iron 



3 

4 

7 
6 



16 
9 



7 
9 6 



4 
4 



6 2 



ll7 



wood 



iron 
wood 



wood 



J.I 

ill . 

Scott . 

Patterson 
R. Kapiar 
J.Wood 

Denny 

Tod and 
McGregor 

Ditto . 

Wineate 

D. ifapier 

Symonds 

B. Napier 

J. & W. Na- 
pier 

Tod and 
M'Gregor 

J. Wood 

Cazrd .. 

Tod and 
M'Gregor 

Temon 

Dxtonbum 
Wingate 
Vernon 
B. Kapier 
Bobinsona & 

Russell 
J.Scott 

American 
Symonds 
Tod and 

M'Gregor 
American 
Symonds 

Patterson 



Bttssell ' 
Scott and I 

Sinebir 
Caird ft Co. | 
B. Napier I 
Ditto ' 

Penn j 

Tod and I 
M'Gregor ' 
Ditto 

Wingate I 
D. Napier 
Rennie 
R.Napier I 
J. & W. Na- 
pier I 
Tod and • 
M'Gregor' 
R. Napier > 
Caird ' 

Tod and i 
M'Gregor. 
Forrester I 



Penn i 

Wingate i 

Forrester i 

R. Napier • 

Robinsons & 

Russell I 

Seott and | 

Sinclair 

Americas i 

Tod and 

M'Gregor 
Ameiican 
Seaward j 



Laird . 

Vernon 
R. Napier 

Laird . 
Crai^ & Co. 
Bobinsons & 

Russell 
Ditchbum 



Forrester 

Maudsla; 
Forrester 

Fawcett 
B. Napier 



R.Steele 
Wilson 



Forrester 
Craie t Co. 

Robinsons &; 
Rossefl I 
Boulton and 
Watt 
.R.Napier ' 
.iFawcett 
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TABLE No. Uh-^Coniimted. 








Ifameof 


§. 
t1 


1 


6 




^j 


Ij 


II 
5^ 


i 


i 


1 


Bnilden of 


Makers 
of the 




the YesseL 


J^ 


1 


If 


ill 


«£ 


1^ 


the Veseel. 


Machinery. 
















N^r 


















ft. in. 


ft. 


in. 


ft. In. 


TOM- 


nal. 


ft. in. 


ft. 


in. 








80 


In<m . .. 


166 « 


27 





14 


628 










wood 


Patterson . 


Mffler 






196 


32 





28 


1200 


326 


26 6 


16 





•• 


Scott . 


Scott and 
Sinclair 




Inrenry 


140 


20 





8 7 


270 


113 


16 9 


7 


6 


iron 


Tod and 


Tod and 




Caatle 
Isaac 3few. 
























M'Gregor 




ton . 


3460 


40 


6 




2833 


600 








wood 


American . 






I8lay . . 


167 


21 


' 


11 


386 


162 


22 






iron 


Tod and 
M'Gregor 


Tod and 
M'Gregor 


,85 Jenny lind 


1460 


16 





7 9 


166 


70 


14 








Denny 
Luneil k Ck>. 


Penn ^ 




Javerna 


ISO 8 


26 





14 6 


666 


274 


24 5 


9 







Luneil & Co. 
































ka . . 


216 


36 





24 6 




600 




16 





wood 


American 


American 




Luiwing 
(Tow-boat) 


828 


U 


6 


10 


116 


46 


14 


7 


3 


iron 


ReidandCo. 


Murdoch 




Laurel 


190 


23 





12 9 


600 


180 


23 6 








Caird . 


Caird 


90 


Leinater 




















** 








Laas 


2006 


27 





16 2 


720 


370 


26 6 








R.Napier . 


R. Napier 




Lichtumg . 
Lady Kel. 


900 
150 


11 

18 



2 


6 
8 


233 


24 

87 


10 4 

18 


2 
5 



3 


•» 


Joyce . 
Barr and 


Barrand 


biixne 






















M'Nabb . 


M'Nabb 


Lion . . 


183 9 


26 


7 


14 9 


600 


256 


24 


8 


6 


^^ 


Smith and 


Smith and 


























Rodger . 


Bodger 




Uewdlyn . 
Lock Xo- 


IBOO 


26 


7 


16 


643 


350 




9 







MiUer . . 


Miller 


9a 


126 


16 


9 


6 11 


176 


66 


16 6 


3 







Denny 


Smith and 




mond 
























Bodger 




London- 




























deny 


160 8 


25 


3 


15 11 


488 


240 


21 5 


10 


9 


wood 


R. Steele . 


R. Napier 




SSdenne,* 


218 6 


25 


6 


12 10 


600 


275 


25 4 


10 


3 


iron 


R.Napier . 


Ditto 




R. N". 


2000 


30 





21 


1000 


400 


28 


13 


8 


wood 




Penn 




Maid of Lorn 




























(Tow-boat) 


860 


14 


3 


9 


80 


60 


15 


7 


6 


iron 






100 


Uanchester 


165 


22 


6 


10 6 


400 


150 


18 






»t 


Robinsons & 
Rusaell . 


Robinsons & 
Russell 




Maria . . 


276 


36 





9 6 


1747 


b.pr. 


30 






wood 


American. . 


American 




Marquis of 




























Stafford . 


103 


23 





12 1 


366 


154 


22 






iron 


Raid & CJo. 


Thomson 




Medway . 


215 


36 


6 


30 6 


1360 


450 


30 


17 





wood 


Pitcher 


Maudslay 




Merlin 


152 


16 


7 


8 3 


207 


70 


13 1 


3 10 


iron 


Wingate . 
Caird. . 


Wingate 
Caird 


105 


Meteor 


105 9 


17 


6 


8 6 


130 


62 


14 


5 


6 






Mindello . 


160 


28 





17 6 


604 


220 


23 


11 


3 


wood 


Green . 


Bljths 




Minerva 


197 


26 





16 6 


652 


384 


16 9 






iron 


Vernon 


Bury 




MissiBsipi . 


220 


40 





23 6 


1600 


600 


28 9 






wood 


American . 


American 




Mongibello. 


160 


26 





18 


600 


200 




10 


6 






Maudaluy 


110 


Nemeeis , 


170 


29 





11 


600 


120 


17 6 


5 





iron 


Laird . 


Forrester 




Nevka . . 


160 


18 





9 6 


230 


70 


15 6 


4 







Fairbaim . 


Fairbaim 




New Gren- 


178 


25 





14 


390 


212 


23 








Smith and 


Smith and 




ada 






















Bodger . 


Rodger 


1 


New York . 


210 


36 


6 


22 


1700 


420 




16 





wood 




Fawcett 




Niagara . 


261 


38 


1 


26 6 


1757 


674 


33 1 








R. Steele . 


R. Napier 
American 


1115 


Niagara 


26^0 


28 


6 


9 3 






30 


4 


8 




American . 


I 


JSile . . 


175 


33 





20 6 


912 


220 


20 


13 


6 


« 




Boiilton and 

Watt 
Bury. 
Robinsons & 


! 


Nimrod 


185 


26 





16 


691 


320 


24 6 


11 10 


iron 


Vernon 


1 


Nil. Fnun. 


170 


26 





11 6 


660 


160 


17 


6 


9 


n 


Robinsons k 


' 


K.N. 






















Russell . 


Russell 
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TABLE No. III.- 


- 


CMinmed, 








Name of 


ti 


1 


1 


.ai 


d ® S 


It 


1 


^ 

^ 


k 


1 


Bofldersof 


Makers j 
flfthe ; 




the Vessel. 


J^ 


1 


I 


-^l| 


&& 


I 


8 


1 


theYeaaeL 


MiMdiineiy.! 












^& 








o 


S* 






















Nomi- 




















ft. in. 


ft. 


in. 


n. in. 


Ton.. 


nal. 


fi. 


in 


ft. In. 










Norali 


185 


18 


6 


8 


236 


77 


16 


4 


6 





vrood 


At Water- 


AtWirtcr- 




Criena 
























ford 


ford 


120 


Oeeau . 


leoo 


25 





15 6 


600 


339 


23 


6 


12 


6 


» 


Wilson 


Soott and 
Sinclair 1 

Fairbaim 




Odin, K. N. 


212 


37 





24 2 


1326 


660 


27 


6 


70 







Fimcham 




Ohio . 


2660 


46 





33 


2300 


700 


36 









^^ 


American . 


AjnencsD 




Oregon 


326 


36 





11 


2000 


h.pr. 


36 











Ditto . . 


American 




Orion . 


21^0 


28 





18 6 


805 


4M 


29 


7 






iron 


Caird . . 


Gaird 


126 


PeikiTywet 


172 


26 


6 


16 6 


668 


180 






10 


6 


wood 


Fletcher . 


Miller 




Peh>ro 


136 


20 


2 


11 2 


252 


100 


16 


6 








Pitclier . 


Boulton and 
Watt 




Peterhoff . 


190 


21 


6 


9 


412 


150 


16 


3 


4 





iron 


Mare . . 


Rennie i 




Petrel . 


186 6 


17 IQi 


7 11 


248 


100 


19 


1 


6 





^ 


Barr and 


Barr and 1 




























M'Nabb . 


M'Nab ! 




Pharos 


146 


21 





12 9 


303 


150- 


19 





7 


6 


»»- 




Penn ' 


130 


Phihuielphia 


200-0 


33 





18 3 


1100 


500^ 


557 









wood 


American 


American 1 




Pioneer 


161 


18 


2 


9 


262 


95 


19 





5 





iron 


Barr and 
MO^ab . 


Barr and ' 
M'Nab 




Pizarro 


187 


30 





20 


800 


350 










wood 


Wirrami 
Faffbaim . 


Miner 




Pottinger . 


220 


35 





28 9 


1260 


450^ 






16 





iron 


MiBer 




Powhattan . 


261 6 


45 





26 6 


2400 


800 


31 





19 





wood 


American . 


American 


135 


Precursor . 


230 


37 





25 


1480 


520 






17 







Hedderwick 


B. Napier 




President . 


238 


11 





30 


1921 


5J0 


34 





17 





" 


Curling and 
Youiff . 


Fawcett 




Premier . 


137 6 


17 


7 


7 


212 


62 


16 


2 






iron 


Denny 


Smith and 
Bodgen . 




Pride of Erin 


195 


27 


2 


16 


715 


368 


26 


6 








B. Napier . 


R.Napier ' 




Prince . 


166 


24 





IS 


446 


200 


20 





7 


6 


^j 


Fairbaim . 


Penn 


140 


Pr. Albert . 


160 


19 


6 


9 6 


310 


110 


17 


6 


4 


6 




Ooutts . 


Milner 




Pr. of Wales 


165,0 


26 


6 


14 6 


676 


260 


25 





7 


9 


t» 


Tod and 
McGregor 


Tod and 

M*Gregori 




Princess 


166 


24 


6 


16 


637 


29a 


23 10 


12 


2 


wood 


Wilson 


Fawcett i 




Princess . 


13&0 


18 





8 6 


210 


8 


16 n 


4 


3 


iron 


Tod and 


Tod and 




























M'Gregor 


M'Gregor; 




Prs. Alice . 


1«4 


24 


1 


14 


479 


212 


22 


9 


9 





jj 


Ditto , . 


Ditto. 


145 


Prs. AUce 






























R.N. 


126 


20 





10 6 


270 


120 


17 





6 


6 




Ditchbom . 


Maudslay 




Vt9. EoyaT . 


200 


28 





17 


800 


380 


29 





10 





n 


Tod and 
M'Gregor 


Tod and 
M'Gregor. 




Qneen . 


165 


16 


6 


8 9 


217 


90 


16 


6 


4 


3 


»» 


Bennie . 


Rennie 




Queen , 


162 


24 


4 


13 7 


460 


175 


20 


8 








Vernon. 


Fawcett 




Railway 


160 


19 


1 


9 10 


258 


90 


16 


6 






»» 


Ditchbom . 


Penn 


160 


Rainbow . 


195 


25 





12 


681 


180 






6: 


6 




Laird . . 


Forrester 




Red Rover . 


1158 


22 


4 


10 6 


350 


120 


16 


6 


5 


6 


wood 




Seaward 




Retribution 






























R.N. . 


220 


40 


6 


26 4 


1641 


800 


34 





18 





i> 


Symonds 


Mandslay 




Roberto 


195 


34 





19 


1066 


300 










M 


Ktoher 


Ditto 




Rose . 


163 


20 


6 


11 6 


305 


100- 


17 





6 


6 


iron 


Fairbaim . 


Fairbaira 


165 


Royal Alice 

Royal Con- 
sort . 


2-45 


18 


6 


8 


165 


96 


17 


9 






»> 


Tod and 
M*Qt«gor 


Tod and i 
M'Gregor. 




18^0 


26 


3 


15 5 


605 


316 


27 











Ditto , 


IMtto 




Salamander. 


170 


26 





11 6 


660 


160 


17 





6 


9 


^ 


Robinsons & 


Robinsona& 




Wp„n. 
























Bossell . 


Bussell 

1 




2080 


37 


6 


23 


1597 


467 


27 


6 






wood 


Symonds . 


Rennie ! 




Sapphire . 16S 


18 


^ 


9 9 




160 


IQ_ 


^ 


4 


8 


iron 




Seaward ' 
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Xameof 
theTeM«L 






H 

•3? 



n 



■«si 



Boilden of 
theYesaeL 



ICakara 

of the 

Maohineiy. 



leOSatemte 
Sheffield 
Sidou, B. N. 
Singapore 



ft. 

loe 

156 
215 



A. in. 
9 



618 



022 
039 
236 030 



ft in. 
9 8 


418 7 



010 
027 



loni. 
150 
350 
1440 
1066 



185 



. America . 
Soyereign 



2600 
140 



27 
17 



9 
8 4 



8p1iyiixB.I!r. 

Star 

St.Colnmba, 
Stromboli. 
B.N. 

170gnpert> 
Stwque- 
hsnnft 
Tagus. 

Tay 

Temparador 
l75Temble, 
H.N. 

Teviot . 

Thames 

Thetia 

Thistle 
180Thiitle 

Tiger, R. N. 

Trafiygar 

Trent . 
TridentB.N. 

135 



186 036 



icao 



17 9 



20 11 

8 4 



200027 3 

186 034 
164 017 

266>646 
188 028 



16 6 

Jl 
9 6 



26 6 

17 4 



216 036 630 6 



166 



24 



14 



280042 
216 036 
216 036 
190 622 
198 026 
163 020 
210 036 
192 028 



627 
6 

30 6 
11 6 

416 
11 6 
24 6 
16 11 



216 036 630 6 



186 031 6 



18 



ITrgent 
Vanguard . 
Vesper 
Victoria 

Victoria and 
Albert R.N. 
,^^ Waterman9. 
l»Whitehav< 

Windsor 
Wizard 

. Tsab^ la 
M CatoHca 



176 
183 
165 
160 



026 
027 
018 
020 



9 
410 



200 

.1066 
185 

719 

970 
200 

2436 
700 

-1360 
418 

1800 
1350 
1360 
346 
666 
305 
1220 
750 

1350 
800 

662 
663 
250 
290 



198 

100 

182 



33 022 



016 



205 
75 
286 



026 
028 



7 
13 10 



014 



016 3 
9 
24 6 



1040 

srs 

764 

82 

1567 



ft. in. 
13 6 
18 
27 6 

8 


6 






15 
31 

30 



34 
30 

22 

26 
17 

26 7 



24 6 
27 



16 



28 2 
12 9 



12 



iron 
wood 



wood 
iron 



wood 
iron 



9 



wood 



19 



wood 



17 
22 010 



wood 
iron 

wood 
iron 

*t 
iron 
wood 
iron 



R. Nailer 
Rennie 
Sir G. Napier 
Tod and 

M'Gregor 
American . 
Tod and 

M'Gregor 
Symonds 
1\)dand 

M'Gregor 
Laird . . 

Symonda 
J.Reid 

American . 
J. Boott 

Dnncan 
Fletcher 

Lang . 
Doncan 
Pitcher 
R. Napier 
Ditto . 
Fairbaim . 
J. Edye 
Tod and 
M'Gregor 

Ditchibam . 



31 6 

2 
26 1010 



wood 



17 



wood 



R.Napier . 
Fletcher 
Tod and 
M'Gregor 

Symonds . 
D.Napier . 
Yemon 

Vernon 
Scott and 
Sinclair . 

Wigram 



B. Napier 
Rennie 
Seaward 
Tod and 

M'Gregor 
American .' 
Tod and 

M'Gregor 
Fenn 
Tod and 

M'Gregor 
Forrester 

B. Napier 
B. Napier 

American 
Scott and 
Sinelair 
Gaird 
Miller 

Mandslay 
. Gaird 
, Mandslay 
B. Napier ' 
Ditto 
Fairbaim 
Fenn 
Tod and 

M'Gregor 
MiUer 
Bonlton and 

Watt 
Gaird 
B. Napier 
MiUer 
Tod and 

M'Gregor 

Mandslay 
D. Napier 
Butterlyand 

Co. 
Bury 
Scott and 

Sinclair 

MaadsUy 



E3 
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AFPEin>IX. 



TABLE No. IV. 



TABLE OF THE PRINCIPAL DIMENSIONS GF TWENTY-EIGHT 
MERCHANT STEAMERS WITH SCREW PROPELLERS. 





J[«me 

of 

the Vessel. 


g . 


11 


.si 


III 


II 


<D 9 

d 


M 


1 


Bnilden 

of 
the Vessel. 


ofthe 1 
Maehinerr. 










H 








% 






i 












No- 


■"*■ 










! 






ft. In. 


It. in. 


ft. in. 


Tom. 


minal. 


ft. 


In. 


ft. in. 






' 




AUwtross . 


197 


80 


16 


863 


124 


10 


6 




iron 


Smith and 
Rodger 


Smith aod 
Bodger 




Antelope . 


mo 


26 4 


17 


600 


100 








^^ 


Hodgson 
Smith and 






Apollo 


186 


30 2 


14 


820 


100 


8 10] 




^^ 


^nithaod 
























Rodger . 


Bodger 




Archimedes 


180 


4A 


24 


1587 


330 


16 





18 


wood 




Beniiie 


6 


Archimedes 


118 


22 6 


18 


237 


90 


8 





9 4 




Wrnn 
ReidftCo. . 


Ditto 




Amo . 


IMO 


27 6 


16 6 


636 


136 


12 


4 




iron 


Tk<Mnson 




Astrologer . 


186 


26 


15 


663 


124 


19 


8 




*t 


Smith and 
Bodger 


Smith and 
Rodger 




Arrshire 


883 


19 


7 4 


94 


16 


6 









Denny 


Winsate 
Maodslaj 




Bosphoras 


160 


25 


16 


630 


80 


10 


6 


8 6 


^ 


Mare . . 


10 


Brit. Queen 
CityofOlas- 


190 


29 


18 


800 


130 








j^ 


DenBLj 


Oaird 




228 


34 


24 6 


1200 


380 


13 







^^ 


Tod and 


Tod and 




Erm'sQneen 




















M'Qregor 


M'Gregor 




186 


21 


12 9 


£88 


20 


7 





10 6 


^ 


Denny 


Caird 




Bnropean . 


172 


25 


14 4 


416 


98 


9 


2 


9 


'• 


Smith and 
Bodger 


Smith and 
Bodger 




Fawn . 


185 


20 6 


10 6 


276 


110 






6 6 


,, 


Penn . . 


Pens 


le 


Gr. Britain 


9090 


61 


31 4 


3600 


1000 






16 


" 


Gi. Western 
Co. . . 


Acraman 




Or. North- 


























ern . 

g^ ttTO If btt^^ 

Bird 


2860 


87 


26 


1760 


370 


12 







wood 


At Deny . 


At Deny 




182 4 


18 


9 8 


196 


60 


6 


3 


7 6 


inm 


R.Kapier . 


R.S'apieT 




Lady Scale 


122 6 


22 


13 3 


305 


40 


7 







wood 


FoUet at Co. 


MarshaU 




Livomo 


160 


25 6 


15 


606 


100 


10 


6 


9 


iron 


Denny 


ThMneon I 


ao 


ZiOchFiiie . 


76 


18 6 


7 7 


120 


15 


6 









Ditto . 


Wingate 




Marie . . 


146 


20 


14 6 


375 


80 


10 


a 




^^ 


BeidfrCo. . 


Thomsoa 




Mars . 


186 


BO 6 


16 


806 


100 


9 





9 




At Water- 


Smith and 
























ford 


Rodeers 




Mermaid . 


136 


16 6 


9 


164 


90 


6 


8 




^ 


Bonnie 


Bennie 




Monumental 


























City. . 


186 


30 € 


24 




120 


12 





13 


wood 


Ameriom . 


Ameriean 


36 


Pomone 


170 7 


42 7 


17 3 




260 








^j 




Coant Rosea 




Fropontis . 
Sarah Bands 


175 


25 6 


17 6 


632 


80 








iron 


Mare . . 






2000 


32 


19 « 


1000 


200 


14 


6 


14 6 


^^ 


Gfactham 




28 


Vesta . . 


114 


20 4 


12 2 


160 


38 


_8_ 





8 


** 







AJ^PSVPIX. 



sm 



TABLE No. V. 

PADDLE WHEEL 8TEA.MEBS IN HEE MAJESTY* B NAVY AND 

POST orncE seevice. 



Name of 
Ship. 


Designer. 


Maker of 
Engine. 


5- 

t 

11 


» 


? 




1 


1 


.S 

i 


"5 


ill 

Til 












Im 


f. i. 




lbs. 


f~r 


knots 


Mcheattm 


Sir W. Symonds 


Seaward . 


722 


100 


Side-lever 


49 


4 9 


Flue . 


6 


20 


S 


■der 


OldP.ofPackeU 


Boulton & Watt 


Wl 


100 


Side-lever 


^ 


8 6 


Flue . 


4 


14 


?J 


Mvice . 


Lang . 


Boulton & Watt 


W 


100 


Side-lever 


8 6 


Flue . 


4 


14 


kftjcan . 


La.ig . . . 


Haudslay . . 
Boulton & Watt 


296 


90 Side-lever 


38 


8 6 


Flue . 


4 


14 


7 


wan 


Lang . 

Sir W. Symonds 


286 


100 Side-lever 


^ 


3 6 


Flue . 


4 


14 


3 


&• ; 


Seaward . . 


800 


200 Direct . 
260 Oscillat. 


4 6 


Flue . 


5 


230 


Ditchbum . 


Penn . 


820 


84 


4 6 


Tubular 


8 


200 


g| 


Ardent 


Sir W. Symonds 


Seaward . 


800 


200 Direct . 


63i 


4 6 


Tubular 


6 


21 


84 


Vrgua 


Fincham . 


Penn . 


975 


808 Oscillat. 


64 


6 


Tubular 


14 


235 


9| 


ivou . 


Old P. ©.Packets 


Boulton & Watt 


361 


170 Side-lever 


^ 


4 6 


Tubular 


8 


14 


8 


Baoshcc . 


Langjun. . 


Penn . . . 


650 


866 Oscillat. 


5 


Tubular 


14 


250 


12 


BasiliKk . 


Lang . • . 


Miller . . . 


1000 


405' Oscillat. 


74 


6 


Tubular 


10 


24 


»l 


Bee . 


Sir W. Symonds 


Maudslay . . 


«2 


10, Side-lever 


20 


2 


Tubular 


10 


90 


7 


Birkenhead 


Laird . . . 


Forrester . 


1400 


656! Side-lever 


85 


7 


Tubular 


6 


300 


10* 


Black Eagle 


Lang,jun. . 
Sir W. Symonds 


Penn . • 


540 


261 Osciliat. 


62 


4 6 


Tubular 


10 


220 


lU 


Blazer ^ . 
Uoodhoimd 
iJron) 
BulUdog , 

Caradoc 
„iroa) 


Miller . • . 


527 


136 Side-leyer 


48 


8 6 


Tubular 


6 


14 8 


7J 


Napier . . 
Sir W. Symonds 


Napier . . . 


378 


150 Side-lever 


48 


4 


Tubular 


10 


18 8 


8 


Rennie 


1124 


500 Direct . 


82 


5 8 


Tubular 


n 


26 


3 


Edye . . . 


Miller . . . 


997 


803jO8cillat. 


64 


6 


Tubular 


14 


23 4 


Sir W. Symonds 


Seaward . . 


660 


SSo'Direct . 


75 


4 4 


Tubular 


12 


256 


12 


Centaur . 


Sir W. Symonds 


Boulton & Watt 


1270 


540 Direct . 


85i 


6 


Tubular 


8 


276 


8S 


Cherokee . 


Sir W. Symonds 


Maudslay . 
Boulton & Watt 


750 


200 Side-lever 


54 


5 


Flue . 


4 


200 


7 


Colombia . 


Lang .' . . 


361 


100, Side-lever 


i} 


8 6 Flue . 


4 


14 


8 


Comet 


Lang . 


Boulton & Watt 


838 


80 Side-lever 


3 6|Flue . 


4 


14 


8J 


Confldance 


Si?W. Symonds* 


Maudslay . . 


294 


100 Side-lever 


40 


4 Olpiue . 


4 


16 


8 


Cormorant 


Fairbairn . 


1057 


800 Direct . 


65i 


5 8 Flue . 


7 


240 


10 




Sir W. Symonds 


Boulton & Watt 


234 


100 Side-lever 


89i 


8 6 


Tubular 


1 


14 6 


H 


Cyclops * 


Seaward 


1195 


320; Direct . 


64 


5 6 


Flue . 


5 


260 


^ 


Dasher 


Sir W. Symonds 


Seaward 


260 


101 Side-lever 


40| 


3 6 


Tubular 


8 


16 


9 


Dee . ; 
Devaata- 
hon . . 


Lang ... 


Maudslay . . 


704 


200 Side-lever 


54 


5 


Tubular 


8 


200 


8 


SirW. Symonds 


Maudslay . . 


1058 


42 » 4cylinder8 
90 Side-leyer 


54 


6 


Tubular 


8 


254 


10 


Dover(iron) 


Laird . . . 


Forrester . 


224 


38 


8 


Tubular 


8 


13 6 


10 


Oragon . 


Sir W. Symonds 


Fairbairn . 


1296 


560, Direct . 


88 


5 9 


Tubular 


8 


•27 


10 


Driver 


Sir W. Symonds 


Seaward 


1056 


280 Direct . 


62 


5 8 Tubular 


8 


270 


9i 


Echo . 


Lang ... 


Butterley Co. 


295 


140 Side-lever 


<4i 


4 6 Flue . 


5 


17 


M 


Elfin . . 


0?d|»'.ofpacketi 
Sir W. Symonds 


Rennie 


HI 


40O8eillat. 


27 


2 6 


Tubular 


16 


114 


Pearlesa . 


Boulton & Watt 


165 


76 Side-lever 


85i 


8 2 


Flue 


4 


12 


8 


[irebrand . 


Seaward 


1190 


410' Direct . 


75 


6 9 


Tubular 


8 


268 


81 


Rre-fly 


Langjun. . 


Maudslay . . 


550 


218 Side-lever 


555 


5 


Tubular 


5 


200 


8 


nre-queen 


Napier 


Napier . . 
Mifler . . . 


813 


115 Staple . 


60 


3 9 


Tubular 


8 


18 6 


131 


FnrioM . 


Fincham > . 


1286 


399|08cillat. 


72 


7 


Tubular 


14 


274 




nirv . 


SirW. Symonds 


Rigby . . . 


1124 


516 Direct . 


84 


5 9 


Tubular 


10 


256 


9^ 


(iarland . 


SirW. Symonds' 


Penn . 


900 


124 


OsciUat. 


4^ 


4 Tubular 


16 


18 


12A 


Oeyser 


Seaward 


1060 


273 


Direct . 


^ 


6 8 


Tubular 


8 


25 7 


3 


Gladiator . 


Sir W. Symonds 


Miller . . . 


1210 


455 


Direct . 


79 


5 6 


Tubular 


7 


25 2 


9i 


GorRon 


Sir W. Symonds 


Seaward 


1108 


820 Direct . 


64 


5 9 


Tubular 


8 


260 


^ 


Growler . 


SirW. Symonds 


Seaward 


1059 


280 Direct . 


62 


5 3 


Tubular 


8 


253 


H 


Harpy(iron) 


Ditchbum . 


Penn . 


346 


150 


Oscillat. 


49 


4 


Tubular 


8 


16 


8 


Hecate . 


Sir W. Symonds 


Scott & Sinclair 


817 


240 


Side-lever 


60 


5 9 


Tubular 


8 


24 6 


^ 


Hecla 


SirW. Symonds 


Scott & Sinclair 


817 


240 


Side-lever 


60 


6 6 


Tubular 


8 


24 6 


» 


Hermes . 


Sir W. Symonds 


Maudslay . 


830 


218 


4 cylinders 
Side-lever 


40i 


4 6 


Tubular 


8 


200 


H 


Hydra 


Sir W. Symonds 


Boulton & Watt 


817 


220 


56 


5 


Tubular 


8 


236 


H 


Inflexible . 
Jackal 
(iron) 


Sir W. Symonds 


Fawcett 


1122 


879 


Direct . 


72 


5 9 


Tubular 


14 


286 


9 


Napier 


Napier . . 


340 


150 


Side-lever 


48 


4 


Tubular 


10 


18 


8 


Janus 


Lord Dundonald 


American . 


768 


220 


Side-lever 


58 


5 


Tubular 


8 


16 6 


9k 


Jaspar 


Old P.O. Packets 


Fawcett . 


288 


100 


Side-lever 


m 


8 6 


Flue . 


4 


14 


7* 


Kit^ . . 


Old P.O. Packets 


Fawcett 


300 


150 


Side-lever 


*7i 


4 3 


Flue . 


4 


18 


H 


Uopard . 


Fincham 


Seaward , . 


1485 


560 


Direct . 


8^ 


6 4 


Tubular 


14 


300 




Lightning . 
Lizard 
i iiron) 


Lang . • . 


Maudslay . 


298 


100 


Side-lever 


40i 


4 


Flue . 


6 


16 €^ 


8 


Napier 


Napier . . 


845 


150 


Side-lever 


48 


4 


Tubular 


10 


18 


8 



^6i APPENDIX. — ^HEE MAJESOT'S UATT AST) POST OrPICE 8KHTICE. 



TABLE Ko. Y.-^Cmtiinued, 



Name of 
Ship. 



Locnst 

Mamcienne 

Medea 

Medina 

Medusa 

Merlin 

Minos 

Mohawk 

(iron) 
Monkey 
Myrmidon 

(iron) 
Myrtle 
Oberon 

(iron) 
Odin . 
Onyx (iron) 
Otter . 
Penelope 

Pluto . 

Polyphe- 
mus . 

Porcupine 

Princess 
Alice (iron) 

Prome- 
theus 



Sir W. Symonds 

Edye . 

Lang . 

Sir W. Symonds 

Sir W. Symonds 

Sir W;. Symonds 

Canada 

Fairbami .. 
Old P. ©.Packets 

Ditehburnt 

Old P. O. Packets 

Siv W.. Symonds 
Fincham 
Ditchbum . 
Old P. O. Packets 
Edye ► 
OldP.O.PackeU 
Old P.O. Packets 
Lang . 

Sir W. Symonds 
Lang . 



Retribution 
Rhadaman- 
thus . 
Rosamond 
Salamander 
Sampson 
Scourge 
Shearwater 
Sidon . 
Sphinx 
Spiteful 
Spitfire 

Stromboli . 

Stvxi .. 

Tartaru» 

Terrible 

Tiger . 

Torch(iron) 

Trident 



[ton 

(iron) 
Undine 
Vesuvius 
Victoria & 

Albert 
Violet 

Vixen 
Voleano 
Vulture 
Widgeon 

Zephyr 



Desipier. 



SirW-S^monds' 
OW F-0..?ad£ets 
Sir W. SymoBd» 

Roberts 

Sir W. Symonds 

Sir W. Symonds 

Sir W. Symonds 

Sir W. Symonds 

Graham 

Sir C.Napier 

Sir W. Symonds 

Sir w . Symonds 

Lane . 

Old P.O. Packets 

Sir W. Symonds 

Sir W. Symonds 

Sir W. Symonds 

Lang . . , 

Edye . 

Sir*W. SymoBds 

Sir W. Symonds 

W. Symonds 
Pasco . 
Sir W. Symonds 

Sir W. Synond* 
Ditchbum . 
Sir W. Symonds 
Lang.Jun. . 
Sir W. Symonds 
Sir W. Symonds 
Sir W. Symonds 
Sir W. Symonds 
Old P.O. Packets 
Old P.O. Packets 



Maker of 
Engine. 



Maudslay . 
Penn .. 
Maudt^lay . 
Fawcett • 
Fawcett 
Fawcett 
Ward & Co. 

Maudslay . 
Boulton & Watt 

Penn . 
Boulton & Watt 

Rennie . 
Fairbaim . 
Penn . 

Boulton & Watt 
Seaward 
Fawcett • 
Fawcett 
Boulton & Watt 

Seaward . 
Maudslay . 

iSaudsUiy . 

Seaward 
Coates & Young 
Penn • , 

Maudslay . 
Miller . 
Maudslay . 
Rennie 
Maudslay . 
Boulton & Watt 
Seaward » 
Penn . 
Scott & Sinclair 
Butterley&Co. 
Boulton & Watt 
Napier 
Seaward 
MiUer . 
Maudslay 
Penn . 
Seward 

Boulton & Watt 

Miller . , 
Miller . . 
Napier • 

Maudday • 
Penn . 
Boulton & Watt 
Penn . » 
Seaward 
Seaward 
Fairbaim . 
Seaward 
Boulton & Watt 
Boulton & Watt 



889 
406 

174 
212 

870 
116 

660 
1826 
800 
237 
1616 
287 
111 
865 



880 



818 
1059 

818 
1299 
1124 

843 



290 
970 

1084 
800 

1060 
852 

1050 
720 

1190 
164 
186 
287 



Side-lever 
Oscillat. 
4 cylinders 
_ Side-lever 
800 Side-lever 
800 Side-lever 
90 Side-lever 

60 Side-lever 
180 Side-lever 



132 Side-lever 



270 117 



560 



1058 500 Oscillat, 
1060 ^ " 

430 

284 

970 
1067 



•I 

a 
H 

I 



Oscillat. 

Side-lever 

Oscillat. 

Direct 

Oscillat. 

Side-lever 

Direct 

Side-lever 

Side-lever 

Sidcrlever 



Amnilar 

Direct 

Side-lever 

Oscillat. 

Side-lever 

Direct 
220 Side-lever 
476 Direct 
"^ 4cylinders 

Side-lever 

Direct 



Side-lever 

Side-lever 

Side-lever 

Side-lever 

Direct 

Side-lever 



1860 8294cyUnder8 
laao '^'^ ... . 
845 



Oscillat. 
Sid[e-lever 



Oscillat. 

Oscillat. 
Oscillat. 
Side-lever 



4204cylinders 



124 

800 Direct 



Oscillat. 

Direct 

OseilUa 

„, Direct 

182 Side-kver 

47b Direct 



90 Side-lever 
Side-lever 
100 Side-lever 



Tubular 
7 Tubular 

5 8 Tubular 

6 OjTubular 
6 0|Tubular 
6 OTubular 
4' 6 Flue 

3 2 Flue 
3 6TubulaT 

ofrubular 
6 Flue 



9^Tiibular 
OlTubular 
6 Flue 

8 Tubular 
6 Flue 
6 Flue 
6 Flue 

6 Tubular 
Tubular 

43 3 6 Tubular 

4 ffTubular 
4 O'Flue 
7' OTubular 

Flue 
Tubular 

O'Flue 
Tubular 
Tubular 
F^ue 
Tubular 
Tubular 

OTubvdar 
Tubular 

6 Flue 

Tubular 

5 Tubular 

6 Tubular 
OTubular, 
OTubular 

9 Tubular 



OTubular 26 



is OJFlue 

6 OTubular 

4 OTubular 

5 OTubular 
OTubular 

5 8 Tubular 
Flue 
Tubular 
Tubular 
Tubular 
Flue 






f. i.ikDoti 

15 7i 7 

27 4 10 

232 9 

24.6 8| 

24-6! y 

246 H 



m 






116 
14 

17 
109 

210 
276 

18 6 
14 
310 
126 
10 9 
14 

235 
156 



i8o| m 

244 



200 
2S0 
21 
264 
26 6 
17 
^6 
280 
26^0 
17 6 
ISO 
250 
7 
15 6 
S44 
270 
17 

230 

^10 

17 
264 

208 

18 
249 
)B6 
268 
20 8 



10 
16 

8 
16 

8 

5 

ioHbo 



1A9 
12 
14 01 



i 

94 

8 ' 

9 
11 1 

8 ' 
10 

9 



U 

8 : 

8 
9 

m 



i« 

IS 

n 

13 

I? 

» 

8 

8 



TABLE No. VI 



205 



TABUS OF EXPERIMXNTS WITH H. M. 8C&IW STEAM*; 
TENDER^ "dwarf," 

Burthen in tons, 163 ff. Nominal hone power, 90. Dranght of water, 7 feet 
ait ; 6 feet 10 inches fi»rward. Fitted witb a oommon two-threaded lerew, i feet 
1 inch in diameter, with oommon pitdi. 



6 

1 

6 

z 


1 


i 

o 

J 


> 

< 


SbC 


li 

n 

P 

si 

< 


if. 

il 

s 


1 

11^ 


li 


! 

11 


1 

f 


IP 




ill 

Hi 




II- 


^ 


ft. in. 


.q.f.t 






toai. 


knots 




knti. 


hones. 


knot*. 


horMt. 




1 


80 


2 


22 2 23-3 146-2 


5 16 1 J-86 


11-63 


26-0 


8-65 


130-7 


9-26 


810 


1-63 


2 


„ 


2 


17-8 29-6 152-7 


ft 


1-40 


U 


267 


8-95 


151-5 


9-12 


92-1 


1-66 


3 


„ 


1 


13-3 80-H55-4 


»t 


1-42 


271 


8-94 


187-0 


941 


87-3 


1-57 


4 


ff 


1 0, 


8-9 32-2,166-0 




1-51 


1309 


30-4 


9*11 


168-8 


8-95 


95-1 


1-78 


5 


10.32 


1 8-V 


13-3 81-812r-l 


'4i 


1-07 


12-98 


33-4 


8-60 


148-7 


8-82- 


63-6 


2-83 


a 




2 a 
1 J 


17-8 30-8! 123 8 




•96 


12-65 


30-8 


8-74 


136-3 


9-22 


67-6 


2-84 


7 


j^ 


8-9 34-9 13i) 7 




1-00 


14-22 


36-4 


9-06 


164-0 


9-W 


62-6 


2-44 


ft 


t» 


2 1 Jir 


22-2 80-9i 123-6 ., 


•91 


12-67 


293 


8-89 


143-8 


9-21 


66-0 


267 


9 


l3-23;i 10a 


13-3 36-6 11 4-2 3 13 1 1 17 


14-90 


40-4 


6-88 


161-7 


8-85 


71-8 


2-25 


10 




» ?r 


22-2 34-0 106-6 


^^ 


1-36 


18-90 


38-7 


8-52 


149-6 


fr72 


79-4 


1-9 


i| 




J 4 


8-9 40-2 126-9 


^ 


1-74 


16-42 


44-7 


9-07 


176-9 


8-7T 


108-6 


1-62 


12 


j^ 


2 ^ 


17-8 35-7 111-8 


ft 


1-74 


M'S-i 


39-5 8 8.S 


166-4 


8-71 


105-9 


1-57 


1.1 


, 


2 


17-8 26-2 105-7 


4 1 


1-78 


1379 


33-9 8-29 


151'9 


8-43 


1016 


1-49 


44 


^^ 


3 f 


22-2 26-4101-6 


(f 


1-73 


13-62 


39-6 8 01 


189-6 


8-52 


95-4 


1-47 


15 


^^ 


1 lOA 


13-3 26 1041 


$t 


1-69 


13-58 


41-7 7-92 


117-2 


8-79 


92-0 


1-87 


16 




2 6* 


9*9 29 8119-3 




1-93 


15 57 


46-1 8-88 


147-4 


8-61 


110-6 


1-32 


17 


^^ 


8-9 21 -611 1 1-7 


6 16 1 


1-64 


14-58 


46-1 7-85 


116-6 


8-78 


88-8 


1-31 


IH 


^j 


13-3 19-9 l»»2-e 


»t 


1-62 


13-39 


42-9 7 64 


114 2 


8-M 


85-4 


P84 


19 


^^ 


17-2 190 97-9 




1-73 


12-78 


41- 1 7-62 


111-6 


8-48 


89-6 


l-iS 


20 




3 1?- 


22 2 18-5 95-4 


j^ 


1-71 


12-46 


39-5 7 52 


108-8 


l-gS 


88-5 


k22 


21 


10 32 


i't^ 


2^-2 22-6116-2 


>» 


1-99 


11-82 


30-0 8-28 


127-8 


113-4 


1-12 


22 




13-3 24-9128-4 




1-91 


13-06 


36-4 8-.H9 


1340 


8-81 


109-3 


1-23 


23 


^^ 


8 9 26-6il37-5 


>• 


1-99 


140 


38-5 8-61 


138-5 


9-03 


113-1 


l•^7 


24 


f» 


2 3J 


17-8 23-9ll23-l 


»» 


1-94 


12-63 


32-91 8-40 


126-6 


9-08 


112-3 


1-13 



These experiments were made at Woolwich daring the months of Jnne, Jvly^ 
Angost, 1 846. The following are the dimension of "Dwarf,** Yiz. r^ 

Length between the Perpendicniars * 

Breadth extreme . • • «. 

Depth in Engine-room • • • 

Diameter of Cylinders • « 

Length of Stroke . • . . 

NoTB.—For Tables VL and VII. see the very ralnable Table in the new edition 
gf '* Tredgold on the Steam Engine,** Vol. IIL John Weale. 



ft. 


in. 


. 130 





. le 


6 


. 18 


9 


8 


4 


. a 


8 



TABLE 











TABLE OF SCREW-STEAMERS 
1.— 




Name 

of 

theVe«8el. 


4i 
III 




■0«S 




1^ 




i'3 


1* 






ft. in. 


ft. in. 


ft. in. 


sq. ft. 


Tons. 


Ton*. 


H.P. 


H. P. 




1 


Ajax . . . 


176 


48 6i 


22 6^ 


807 


3090 


1761 


4ft0 


846 




2 


Amphion . 
Archer 


177 


43 2 


19 


546 


2025 


1474 


800 


592 




3 


180 


33 


14 1 


372 


1238 


970 


200 


345 




4. 


Axrogant . 


2000 


45 181 


18 lOi 


580 


2444 


1872 


860 


62^ 




5 


Bee . . . 


€8 


12 fi 


3 5i 


28-2 


33-8 


43 


10' 






6 


Blenheim 


181 2J 


48 6 


21 1| 


7as 


8790 


1632 


450 


tf38 




7 


Brisk . . . 


193 7 


35 


13 9 


378 


1474 


1074 


250 






8 


Conflict . . . 


192 6 


34 4 


14 6 


402 


1443 


1038 


400 


777 




9 


Dauntless 


210 


39 9 


16 4 


522 


2240 


1497 


580 


811 




le 


Ditto, lengthened 1 
at the stem .j 


218 1 








2251 


1569 




1218 




11 




192 6 


34 4 


15 9 


448 


1628 


10S7 


400 






12 


Dwarf (iron) . 


130 


16 6 


5 6 


44 


98 


164 


90 


216 




13 


Encounter 


190 


33 2 


CU 94 
112 6 


818 
341 


11921 
1290/ 


953 


860 


/«72 
1646 




14 


Erebus . 


105 t) 


28 10 


14 1" 


828 


715 


872 


80 






15 


Euphrates 


215 7 


40 6 


16 7i 


570 


2402 




620 






16 


Fairy (iron) . 


144 8 


21 H 


/ 4 10. 
I 5 10 


71-5 
82 


1681 
196/ 


812 


128 


f364 
1^21 




17 


Greenock (iron) 


213 


37 4| 


15 


450 


1980 


1416 


838 






16 


Hijfhflyer . 


192 


36 4 


15 9 


465 


1787 


1153 


250 






19 


Hogue 


184 


48 4| 


22 10 


820 


3155 


1846 


460 






20 


Horatio . . . 


154 3 


40 n 


19 1| 


637 


1707 


1090 


250 






21 


Megaera (iron) 


207 


37 10 


16 


487 


2048 


1895 


360 


780 




22 


Minx (iron) . . 

Ditto, horse powerl 

diminished .j 


131 


22 1 


5 2* 


82 


203 


808 


100 


234 




23 




i* 


M 


„ 


u 




10 


32 




24 


lIDranda . . . 


196 


34 


13 6 


874 


1522 


1039 


250 






25 


Niger 


194 4 


34 8 


n4 10 

«.14 6i 


403 
392 


13621 
1823 J 


1072 


400 


f828 
1913 




26 


Fbaeniz . 


174 7 


31 10 


(13 9 
<-l3 1 


347 
327 


12251 
1140/ 


609 


260 


1489 




27 


Plumper . 


140 


27 6 


no 11 
tl2 3 


204 
241 


5391 
662/ 


490 


60 


fl48 
1149 




28 


Rattler . . . 


179 6 


32 8i 


ni 8 

113 6 


274 
880 


8701 
1078/ 


888 


200 


f428 
1436 




29 


Reynard . 


147 8 


27 10 


f 9 6 
110 11 


184 
222 


4781 
604/ 


516 


60 


fl65 
1163 




30 


Rifleman . 


150 


26 7 


f 9 3 
19 3 


173 
173 


484^ 
484/ 


486 


200 


f348 
1366 




31 


Ditto, horse power V 
diminished J. 


»• 


ft 


{lO 21 


175 
199 


487. 
565} 


»> 


100 


cl88 
{l90 




32 




200 6 


52 1 


22 9 


920 


3484 


2834 


350 


408 




33 


Sharpshooter (iton)^ 


150 


^ 7i 


f & li 
19 3 


192 
196 


5051 
518/ 


489 


200 


f3«6 
1175 




34 




246 


41 


17 


567 


2789 


1980 


350 






35 


Teazer(iron) . 


130 


21 9i 


5 3 


82-9 


205 


296 


100 






36 


Ditto, horse power \ 
diminished ./ 


„ 


„ 


M 


»» 


» 


» 


40 


1-28 




37 


Termagant 


210 1 


« 6 


17 1 


M7 


2403 


1547 


620 


1351 




38 


Vulcan (iron) . 


220 


41 5 


15 6 


4B5 


2076 


1764 


350 


793 




39 


Wasp 


180 


33 10 


14 9 


895 


1837 


970 


100 







N. B.— The Experiments made on each Vessel are continued, and 



No. VII. 

Iir fiER* MAJESTY*! NAVY. 

Ve99eL 



k 


%t 




Bemarka, 


Cknutrnctor of 


and state of the Veasel 


S.i - 


Vessel. 


at her trial trip. 


OD 


%€ 






KneU. 


Year. 






7147 


1848 


Old 74 . . . . 


Kot riffged, but ballasted. 
Rigged and fully equipped for sea. 
Not ricged, but1>alla8ted. 


(1-75 

7-818 


1847 
1849 


Old Frigate . . 
DeptfiMd iHMkyard . 


8-295 
r 6 822 -J 
J 7-501 . 

■crew 
I paddles J 


1849 


Finchwn . . . 


1842 


Symondf . . { 


Fitted also with paddles, speed 
7-501 knots. 








5-816 


1849 


01d74 . . . . 


Rigged and partiaUy equipped. 




1851 


Woolwick Dockf Bid . 


Not completed. ■ 


9-289 
7-3fi« 


1848 
1848 


Finoham . » 


Rigged and partially equipped. 
Jury rigged, ballasted to trim. 
Altered at stem, rigged and ftally 

equipped. 
Not completed. 


10-293 


1850 


{ 




185.1 


Pembroke Dockyard . 


10-537 


1843 


Hennie . . ' . 


Not rigged. 


10-254 1 
9-375 / 


1848 


Fiacham . 


Not rigged, but ballasted to trim. 


r esti- -t 
-frosted \ 


1845 


Old 28 . . . . 


Rigged and ftilly .equipped. 


1«)1 


Deptford Dockyard . 


Not completed. 


13-324 1 
11-891 J 


1845 


Ditchbum . [ 


Not rigged, light. 

Rigged and ftilly equipped. 




Doteom- 
pleto 


Scott and Sinclair . 


Not completed. 




Woolwich Dockyard 


Not completed. 


by log 7-6 


1848 


Old 74 . . . . 


Rigged and fully equipped. 




1851 


»»•••• 


Not completed. 


9*75 


1860 


Fairbairn . 


Not rigged, but ballasted to trim. 


9137 


1848 


Symonds 


Ditto. 


4-515 


1849 


»» 


Ditto. 




notoonH 
plete 

1849 


SheemesB Dockyard . 


Not completed. 


9-4941 
10-427 i 


Lang . . . . 


Rigged and folly equipped. 


7-106 

8-74 


1848 -. 
1849/ 


Seppinga . . { 


Not rijged, but ballasted. 


7-418 1 
«'497 J 
10074 


1848 

lW4i 
1845/ 


Fincham . | 
Symonds . . i 


Rigged and partially equipped. 
Rigged and fully equipped for sea. 
Not rigged, but ballasted. 


9*639 


Rigged and fully equipped for sea. 


8-238 
7"8 


1848) 
1849J 


Symonds . . ^ 


Not rigged, light. 
Riffgedand fiiUy equipped. 
Before stem made finer, &rigg. &ball 
Subsequently to ditto' ditto. 


8-096 1 
9-499/ 


1847 


Fincbam . { 


8-011 1 
7-977 J 


1848 


M 






notcoqi. 




Not completed. . 


9782 X 
9189/ 


1847 { 


Fincbam, same lines'! 
as Hifif>Tnan , 3 


Not i^igged, but ballasted. 
Rigged and parti&lly equipped. 




1851 


Robert Xapter . 


Not completed. Troopship. 


f6-815 
17-685 


1847 


Symonds . 


Notri^ed. Before atem made finer. 


1848 


,, 




9(1 


1849 


White, of Ck>we8 


Rigged and equipped for sea. 


9605 


1849 


Ditchbum . 




1851 


Deptford Dockyard . 


Not completed. 



correspond throughout the three Tables of Screw Steamers in fl. M. Navy. 
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JLFPEKDIX. 

TABLE No. 

TABLE OF SCREW STEAMERS 

2. — Propeller^ and 



81 

88 

83 

84 
85 
86 

87 



Name of the Vessel. 



Tonnage^ 
Builder's 
old Mea- 
surement. 



Horses' 
Power, 
Nommal 



Ajax . . 
Amphioli . 
Aroflber 

Arrogant . 

Bee . 
Blenheim • 
Brisk . 
Conflict « 
Dauntless . 
Do. lengthened and 

stem altered 
Desperate . 
Dwarf . 

Encounter « 

Erebus 
Euphrates . 

Fairy , 

Greenock 
Highflyer . 

Hogue , 

Horatio 
Megflsra « 

Do. H. P. diminished 

Sdranda 

Niger • , 

Phoenix 



Plumper 

Rattler 

Reynard 

Rifleman 



Do. H. P. diminished 

Sanspareil . 

Sharpshooter 

Simoom • 
Teller . . 
Do. H. P. diminished 

Termagant • 

JI6 Vulcan 
Wasp . 



Tons. 
1761 
1474 
970 

1872 

43 
iai2 
1074 
1038 
1497 

1569 

1037 
164 

953 

372 

313 

1418 
1153 

1846 

1090 
1395 
303 

1039 
1072 



490 



516 



S834 

48» 

1980 
896 

1547 

1764 
970 



HP. 
450 
300 
200 

360 

10 
450 
250 
400 
580 



400 
90 



30 
620 

128 

338 
250 

480 

250 
350 
100 
10 
250 

400 
260 



60 

800 

60 

200 

100 

3.50 

200 

350 
100 
40 



350 
100 



Diame- 
ter of 
Screw. 



Pitch 

of 
Screw 



ft. in. 
16 
15 
9 

15 6 



ft. in. 
17 11 
21 
7 9 



13 6 

14 8 



13 
5 8 

12 



5 4 
. 6 2 
14 

leo 



4 6 

5 

12 6 

fl2 
lUlOj 



10| 
9 



10 

/ 8 9 

1 8 11 

8 a 

/ 8 

19 

f 8 

19 



8 

8 e 

L3 

20 e 



5 
3 8 



17 

12 8 
9 8 



5 7 



IL 

8 
7 8 

» 

9 
9 

9 

9 

5 10 

7 



I 



Iienffth 
Screw. 



Diten- Actual 
ded. at TnaL 



ft. in. 
3 2 
2 6 

1 4 

2 6 



8 4 



2 9 

3 



3 4 

1 a 

2 10 
2 li 

1 t; 
1 » 



i) 



1 9 

1 
1 

1 6 

1 
1 



6/ 

^\ 
6/ 


2 

^1 
2 101 

8 9 



Rerolutions. 



No. 
45 
48 

144 

60 



87-28 
180 

80 
70> 



98 
85 

45 

55 
5.5 
220 

T7-72 
75 

92 

155 

100 

120 

144 

144 

55 

144 

55 
280 

70 

65 

121 



N. B.— The Experiments made on each Vessrt are oontinaedMidoor- 



Yll.^Cbfi/tiitfeir. 
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Ratio of 




Vessel's 


Screw's 


Immersed 


Nominal 


Indicated 




Kflteof 


Kate of 






lengthto 


Pitch to 


e Section 


H. Power 


H. Power 




Screw. 


Ship. 


SHp of the Screw. 


bi«adth. 


Diame- 


to Screw's 


to e Sec* 


to ® Sec 














ter 


disc. 


tion. 


tion. 




Knota. 


Knots. 


Knots. 


p. Cent. 














8-482 


7147 


1-335 


16-74 


8-625 


1-12 


401 


0-56 


1-05 




•321 


6-75 


8-571 


27-58 


4-1 


1-4 . 


. 3-09 


055 


108 




8-293 


7-818 


0-475 


5-73 


5-32 


086 


5-84 


0-54 


0-98 




8211 


8-296 


1 0084 


1-02 J 


4-37 


0-96 


3-07 


0-62 


1-07 




8-877 


6-822 


2-053 


23-15 


517 


1-21 


ff-76 


0-35 






8-483 


iysie 


2-667 


31-4 


3-73 
6-53 


1-25 


3-67 


0-61 


1-27 




11067 


9-289 


1-778 


1606 


6-6 


1-22 


. 2-81 


0-99 


1-96 




9818 


7-366 


2-452 


24-97 


6-28 


1-22 


3-99 


1-11 


1-56 




12-123 


10*293 


1-83 


15-09 


5-48 
5-6 


108 


•» 


»» 


23a 




14-487 


10537 


S89 


26-96 


7-87 


1-41 


1-74 


2-04 


4-91 




11541 


10-254 


1-287 


1115^ 
11-99) 


5-73 


1-35 


f 2-81 
I 801 


1-13 


2-11 




10-653 


»a75 


1-278 


1-06 


i-8a 












8-64 




















5-32 












20 359 


13-324 


7-035 


34-55 


6-84 

5-69 ' 
5-28 


n-5 

tl-29 


3-2 


1-79 


508 




17-36 


11-891 


5-469 


31-5 


2-74 


1-56 


3-91 






















9-864 


{%^ 


2-364 


28-96 


38 

3-83 
5-47 


1-25 


4-08 


0-55 






12-533 


9-137 


3-396 


27 09 


5-93 


111 


5-15 


1-22 


2-8ff 




5-062 


4515 


0-547 


10-8 


-76 
5-6 


0-73 


4-17 


012 


0^38 




11-537 


9-494 


2-043 


17-7 \ 
16-33/ 


1-36 


f 3-28 
I 3 19 


0-99 


205 




12-462 


10-427 


2-ai6 


1-02 


2-34 




8-496 


7-106 


1-39 


16-36 1 
4-51 / 


5-48 


fl-05 

lo-si 


316 


0-75 


11 




9153 


8-74 


0413 


2-97 


0-79 


1-49 








fnega- 


nega-^ 














6-333 


7-418 


J tive 


tive 


509 


0-62 


( 3-2 
I 8^78 


0-29 


0-72 




6168 


6-497 


> 1-U85 


1713 


0-25 


0-62 








L0329 


583 . 














112 


10-074 


121 


10-72 
17-67/ 


5^39 


l-l 


f 3-49 
1 42 


073 


l-5ft 




M-709 


9-639 


2-07 


06 


1-32 




8-59 


8-258 


0-3» 


4-091 
8-85/ 


5^3 


fO-91 
10-81 


806 


0-82 


0:8a 




8-009 


7-3 


0-709 


8-55 


0-27 


0-69 




10-586 
11-452 


8-096 
9-499 


1-49 
1953 


28-52 1 
17-05) 


5-64 


1-12 


3-44 


1-15 


f 2-01 
i 212 




9-765 


8011 


1-754 


17 06 1 

9- ; 


5'64 


fll2 

li-o 


3-48 


0-57 


1-07 




8-766 


7-977 


0-789 


812 


0-5 


0-95 












&-84 












12-49 


9-782 


2-708 


21-681 
16-85 J 


563 

6-0 
5-96 


fl-12 

li-a 


3-81 


104 


212 




um 


9189 


1-863 


8-08 


1-02 


1-86 




11-507 


6-315 


5-192 


45-12 


l-2ft 


5-21 


1-2 


2-11 




13-263 


7-685 


5-578 


42-05 


596 


1-4 


428 


0-48 


1-54 




11-718 


9-16 


2-652 


21771 
23-25 J 


5-19 


liu 


274 


1-9 


2-4 




12-391 


9-61 


2-881 


an 


106 


2-3 




I0-g23 


9-605 


1-218 


11-25 


531 


1-18 


8-02 


, 075 


1-7 


1 








5-32 
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TABLE No. VIL^-Continued. , 

TABLE OF SCREW STEAMERS IN HER MAJESXy's NAFY, 









3.- 


—Engines, 


























, 


Revolu- 


• 




















M 


tions 


S.S 




1 h 


Horses' 


i - 




Name 


Manufactu- 


Description 
Engiiies. 


ij 


1 


per 


mm. 


It 


1 


u 


power. 


J * 


. 






, 


oc 




of 
the Vessel. 


rers of the 
Machinery. 


l« 


t 


1 


<t 


U.S 


►. 


1 


1 








Cyls. 


inches 


f. i. 


No. 


No! 


ft 


ft 


In. 


H P 


H F 




1 


Ajax { 


Maudslay&l 
Field ; 


horizontal 4 


65 


2 6 


45 


48 


12-24 


6 


24i 


450 


846 


Direct. 


9 


A.mph»n -f 


Miller & X 
Ravenhill j 


Ditto . .2 


48 


4 


48 


45 


15 


10 


25 


300 


593 


„ 


3 


Archer . 


Ditto . . 


Ditto . .« 


46 


3 


48 


36*16 


15-8 


10 


26 


200 


845 


Stol 


4 


Arrogant . 


Penn&Son-f 


Horiaont.!, 
Trunk P 


60-24 \ 
»55/ 


8 


(0 


55*5 


13 


5 


27 


360 


628 


Direct. 


5 


Bee { 


M^.*} 


Beam . . 1 


20 


2 




48 


.. 


.. 


27} 


10 




6tol 


6 


BleBheim{ 


Seaward ft j 

Scoft* Sin-\ 
clair & Co. j 


Horisontal 4 


52 


8 


45 


43 


1418 


10 


27 


450 


988 


Direct. 


7 


Brisk I 


Ditto . .2 


52 


8 6 


40 










260 




3-35 tol 


8 


Conflict { 


Seaward & 1 
Capel J 


Ditto . . 4 


46 


2 


75 


68 


1419 


16 


25 


400 


777 


Direct. 


9 

la 


Dacmtless . 

Do. length- 
end ftstem 
altered . 


Rob. Napier. 
JDitto . . 


Ditto . . 2 


84 


4 


86 


243 


12-43 


8 


25J 


580 


811 


2-276tol, 




Ditto . .2 


" 


•> 


» 


80 


15U 


«f 


26i 


M 


BIR 


»» 


u 


Deaper- f 
ate t 


Maud8hiyft\ 
Field / 


Ditto . .4 


56 


2 6 


M 










400 




3-18atol 


13 


Dwarf . 


C.J.Rennie. 


Vertical . 2 


40 


2 8 


85 


35-5 


15 


8 


27 


90 


216 


5*15 to 1 


13 


Encounter 


Penn&SonI 


Horizontlo 
Tr«nk j2 


60-241 
* 


2 3 


80 


78 


1831 




26 


360 


e72 


Direct. 


14 


Erebus { 


Maudslayft 
Field 


Locom. \n 
H.PreB.I* 








.... 


.. 






80 




,^ 


16 


Euphra- f 
tes 1 


Seaward ft 1 
Capel / 


Horizontal 4 


62 


S 6 


85 










620 




3tol 


16 


Faiiy . . 


Penn ft Son . 


Vert.Oscil. 2 


42 


3 


86-5 


51-6 


14 


.. 




128 


364 


5tel 


17 


Greenock •[ 


Scott, Sin-\ 
clair & Co.; 


Horizontal 2 


71 


4 


42 










838 




2*SStol 


18 


Highflyer! 


Maudslayft 1 
Field / 


Ditto . . 2 


65 


4 


81-5 










250 




2-7 to 1 


19 


Hogue 1 


Seaward &1 
Capel / 


Ditto . .4 


51i 


3 


45 


50 






26i 


460 


, , 


Direct. 


ao 


Horatio . 


Ditto . 


Ditto . . 2 


54 


3 


45 










250 




3tol 


21 


Megsera . 


G&J.Rennie 


Ditto . . 4 


49J 


2 


55 










350 


\ . 


Direct.! 


22 


Minx { 


Miller & ") 
Ravenhill / 


Vert.08cil. 2 


84 


2 9 


55 


68-5 


1219 


10 


26 


100 


234 


4tol 


23 


Ditto, H.P. 


Seaward ft 


H. Press."), 

horizont.J* 
























diminished 


Capel 


• • 






140 


89 


60 




10 


83 


Direot. 


24 


Miranda . 


Rob. Napier . 


Horizontal 2 


56 


3 9 


32 










250 


, , 


2-43 to 1 


25 


Niger { 


Maudslayft} 


Ditto . . 4 


471 


110 


75 


74-3 


15-63 


8 


34i 


400 


919 


Direct. 


26 


Phoenix . 


Penn ft Son . 
Miller ft \ 
Ravenhill f 


Vert.Oscil. 2 


62 


4 6 


28 


24 


12-87 


6 


26i 


260 


489 


4tol 


27 


Plumper -[ 


Ditto , .2 


27 


2 


62 


46 


23*2 


14 


26i 


60 


148 


2-5 to 1 


28 


Rattler { 


Maudslay&j 
G.&J.Rennie 


Vertical . 4 


I0| 


4 


25 


26 


13-42 


5 




300 


428 


4tol 


29 


Reynard . 


Hoi'izontal 2 


28 


2 


60 


64-4 


20-27 


14 




60 


165 


3tol 


30 


Rifleman •[ 


Miller ft ") 
Ravenhill j 


Ditto . .2 


46 


3 


48 


43 


1412 


10 


25* 


300 


866 


8iol 


31 


Ditto, H.P. 
diminished 


} Ditto . . 

Boulton ft 
Watt 


Vert.OscU. 2 


84 


2 9 


48 


44 


14-13 


10 


26J 


100 


188 


2-5 to 1 


32 


Sans-pa- / 
reU 1 


Horizont.1. 
Oscil. J* 


44 


2 6 


55 










830 


, , 


Direct. 


3S 


Sharp- / 
shooter l 


Miller ft ■) 
RavenhiU / 


HoRizontal % 


46 


3 


48 


46-9 


14-4 


10 


26 


»0 


408 


8tol 


34 


Simoom •[ 


Boulton ft 
Watt 


Horizont."). 
OscU. /* 


44 


2 6 


55 










850 


, , 


Direct. 


85 


Teaser «[ 


MiUer ft 1 
Ravenhill j 


Vert.08ca. 2 


84 


2 9 


55 


50 


11-6 


10 




BDO 


175 


4tol 


36 


Ditto, H.P. 
diminished 


} Penn ft Son 

Seaward ft 1 
Capel / 
G.ftJ.Rennie 
MUlerft X 
Ravenhill j 


Ditto . . 2 


27 


2 6 




51*5 


14-85 





26J 


40 


138 


S-TStol 


87 


Terma- f 
Wasp { 


Horizontal 4 


62 


3 6 


85 


36-6 


14-45 


14 


27 


620 


1851 


2tol 


88 
88 


Ditto . . 4 
Vert.Oscil. 2 


4^ 
84 


2 
2 ^ 


55 
60 


66-5 


12-78 


8 


27 


860 
100 


798 


Direct. 



IwoflSJ^^KJ?™ m h! M. Z^:"^ "* '^'^^^^^^ "^d correspond throughout the three 



Weight of total Ma- 
chinery, per Admiralty 
Horse Power. 



Cost per Horse, exclusive 
of spare Gear, Admiralty 
estimate. 



Cost per Horse 

Power, Contractor's 

estimiUe. 



Extra cost for Brass 
tubes. 



Cost per Horse 
Power. Admiralty 

eitimata. 



Total cost, with 
iron tubes. 



Cost of Duplicates and 
•pare Gear. 



Cost of the Paddle 
Wheels. 



Cost of Engines, 
Boilers, and Coal- 
boxes. 



8SS8SS; 



^ BSSSB^S 






sssss^ 






o o Oe>3(iOi-4 so 



©^«0j2jooeo 



OjjjpHjoeo 



^ ^^~M ^ 









_998899 



^ 95 ^9!<l^ 9 



99SS99 






|SI|| g 



3sa_ 



tlilF 






9 ^~ss 

S 8 sS^^ S 



i§l§ll 



Estimated consumption 
per horse per hour. 



^TS"^ i2*<o« 



Number of days* 
consumptio n. 



Weight of Coals in 

Boxes. 

Diameter of necks of 



»2'oiSo> So « 222H 2 ?5!'^fe*»o5^ 



^ iiiii § i liii i iiilli 



Paddle shaft. 



Breadth of 

Paddles. 

Diameter of Paddle 



^SiSS^ JS ^ Sfn^^ ^ k?7-4<^eo«3 



(0O<4*OO 

eettoto 



(O owco<o o 



o«oo« tt 



Wheels. 



oteoooo 



d aa8S?» fe a sssa s gas^aa 



No. of strokes per 
minute. 



SsaSI 



M 



S^SS ^ S8SSSS 



Length of Stroke. 



W A tOOOO 
«CiOtO<OtO 



» «0 
« JO. 



>o»o»oi> 



iQlOlOiOtOtO 



Diameter of 

Cylinders. 



g oowSoSoo oo ofB Kco 



S^fiif 



ie^t:SS3 



Estimated total 
weight. 



Estimated weight of Du- 
plicates and spare Gear. 



s ^iMi § i Mi^ § mmm 



g fea*SSS 



S88SSS 



Estimated weight of 
Paddle Wheels. 



SSSSS^ 9 S SIISS 8 SSSSSiSS! 



Estimated weight of 
Coal-boxes. 



3 g*:8Sl5 S S 



AcDoeocete 



Estimated weight of 
Water in Boilers. 



9£gSg$9 SS S ;SS;99 ql SSSS999 



Estimated weight of Boil- 
ers and their Apparatus. 



^n^n^ ^ s e:i@9S fs ^ssssss 



Estimated weight of 
Engines. 



fiorses' Power, 

Contractors' estimate. 



I §§§S§ ^ § SSSS S ISS3S3 



kS lA S u5 u5 



§111 I ii§i§g 



Horses' Power, 
Admiralty estimate. 



isiss § s s§§§ s i§ii§§ 



fill 



II 



5 & 



PQO 



15| 



4Heuo'«««4o 40 «« aookOpH e^ M-^ioogt^a^ 



ie^ 



Number of fires. 




Ratio, per Admiralty 
horae power. 



IS s s s 



a a s 



s s a a a 



SS2 



S t ill 



Boiler's area of the 
fire surface. 



•9 lO ■« 



^ i i i i ' I ' & 






I I 



g § m 



Boiler's breadth of fires. 



Ratio of the circumscrib- 
iuK parellelopiped to the 
horse power. 






I" 



-« c« oo 



I s 









e* e» wow 



si 



-- 51 5 

a ^ § 



8 f: 



S S3 



s a 



? ? 



8 K gS: 

a S" ass 



Boiler's height, with 
steam chest. 



ifS a 






a a 



a a 



CO to **?:*; 



Boiler's height, without 
steam chest. 



e'a a 



•* ■* s 
fl a a 



00 9 



iM »-J 09 



a a 



,H 00 COS 

3 2 222 



Boiler's extreme breadth. 






e« e o 

fe a ai 



op M 



a 8 



^ 8 



gg a 



pH <D coe 

_S_as£2 



Boiler's Length. 



009 t« 

^a a 



• fl fl 
a a a 



Sr rH ^ 



a a a a 



09 O OOflC 

8 8 S ^^ 



Ditto, calculated by the 
Admiralty ydodties. 



Ill III I II I llllillll 



Velocity of extremity 

of paddle floats, 
by the Manufacturers. 



|i § i 1 1 I I i I I § 1 1 1 i lil 



$ s s 

Ok r> ^ 



Ratio of diameter of 
wheel to crank. 






a s 

00 a» 



9 s 

& A 



f 



3 Si.; 



Height of eentre of wbed 
above that line. 



Dip of wheel, measoried 
fh>m assumed water line. 



5* 
doo 



r I 



00 OP 



CO cp oo acjC 



-.0» <P 
Ceo CO 



I I 



S? ^ 



^ O 



Ratio of connecting 
rod to crank. 



8 8 






CO CO 



09 & & 

o» w «> 



s s 



8 S^3 



Length of the connect- 
ing rod. 



coo t« e 09 
e« I* ^. g 



^ 00 00 



3 






Nett Length Of the 
Engme. 



5& & 



** ** a 
^ a 



_a a 



09 PH 

S 9 



(O CO i-l 
lO GO 00 



a ^ 
ig s s 



a a 



■oo- 



cQ ioe^ 






Length of the Engine- 
Room. 



ggg $ s s $ 



CO o 



Place where fitted 
onboard. 






5 M 



« ^ 



ft l« I 

^ I i s 

W iJ M 3 



Time for fixing. 



CO 1.4 CO M 09 



^ ^ t» 9H ^ <n V* ^ 



Time for making. 



Horses' Power, 
Admirrity estimate. 



«0 Q OS 



ssTTTTTmrmm 



r r -. s -. t r r = : s s =H 



a: 

o I 

^ CO S 
« ^ 1 

^ gl 
o « 





■03 0*0 9 



I 



J. C ta 



Expan- 
sion. 



I 



Slip of 
(Wheels or) Screw. 



Ship, hy Patent Log. 



(Wheels or) Screw. 



(Wheels or) Screw. 



Engines. 



Jr-4 ^ 



5QO *D 

§00 O 



Br^ Op r* 

eO 1^ do 



.0 9^ T* 



Steam expanded 1 
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218 • TABLE No. XII. 

1, — SHOWING THE ECONOMIC VAIAJE8 OF DIFFERENT COALS. 



Names of the 

Coals 
experimented 

upon. 



WELSH COALS. 

Cndgola . 
Anthracite (Jones & 

Co.) . . . 
OldcastleFieryyeln 
Ward's Fiery vein 
Binea Coal • 
LLangenneoh . 
Pentrepoth • 
Pentrefellin . 
Duffryn . 
MynyddNewydd . 
Thn^uarter Bock 

Vein . 
CwmFroodBook 

Vein . 
Cwm Nant]r-gT09 
Resolyen 
Fontypool 
Bedwas . • • 
Ebbw Vale . 
Porthmawr . 
Coleshill . 
Thomas's Hertbyr . 
Nixon's Merthyr . 
Hill's Plymonth 

Work . . • 
Aberdare Co.*s 

Merthyr 
Gadley nine-feet 

Seam . 
Neath Abbey . 
Gadley four-feet 

Seam . 
Llynvi . 
Bock Vawz . 

LANCA9HIBE 
COALS. 

Balcarras Arley . 
Blackley Horst . 
Blackbrook Little 

Delf . . . 
Bushy Park Mine . 
Blackbrook Busby 

Park . . . 
Johnson&Wirtbing- 

ton*s Rushy Park 
LaflTak Bushy Park 
Balcarres Haiffh 

Yard . . . 
Cannel (THean) . 
Ba lcarras Lmdsay . 



9-35 

9-46 
8*94 
9-40 
9-94 
8-86 
872 
636 
10-14 



8-64 

8-70 
8-42 
9-63 
7-47 
9-79 

10-21 
7-63 
800 

1016 
9-96 

9-76 

9-73 

9.56 
9-38 

9-29 
919 
7-68 



6-61 

8-29 

8-08 

802 

801 
7-98 

7-90 
7-70 
7-44 



^1 



60166 

58-26 

60-916 

67-433 

6708 

66-93 

67-72 

66-166 

53-22 

66-88 

66-388 

66-277 

660 

68-66 

66-7 

60-6 

53-3 

530 

630 

63-0 

61-7 

51-2 

49-3 

54-8 
59-3 

51-6 
63-3 
650 



50-6 
480 

610 
47-0 

56-6 

60-0 
52-6 

50-8 
48-3 
611 



C. 

81-107 

86*786 

80-42 

83-86 

81-367 

81-85 

81-73 

84-726 

82-72 

81-73 

83-60 

78-299 

79-859 

82-854 

82-36 

82-6 

78-81 

86-722 

80-483 



84-78 

81-73 

8316 
83-57 

82-79 
80-35 
80-21 



7817 
78-90 

7816 
80-04 

8015 

8010 
84-07 

8010 
76-80 
78-61 



D. 

-742 

•679 
•633 
•688 
•702 
-695 
•705 
-781 



•674 

•706 
•701 
-713 
-676 
•611 
•676 
-614 
•658 
•644 



•603 

•608 

•668 
•709 



587 



^1 

lis 

II 



84-8 

47-26 

57-946 

460 

43 68 

43-76 

4017 

28061 

68-43 

45-09 

48-26 

41-648 
42-60 
40-39 
47-846 
63-665 
45-98 
7 
61-86 
55-26 
6916 



66-68 

66-78 

61-75 
40-92 

60-44 
60-66 
45-88 



5479 
64-37 



63-25 
70-31 



44-93 

60.20 
59-82 

57-37 

59-00 

650 163-83 



0^ 



37-23 

38-46 

43-99 

390 

89-24 

89-84 

38-80 

88*86 

^•09 

39-76 

39-72 

40-62 

40-0 

3819 

40-216 

44-32 

42-26 

42 02 

42-26 

42-26 

43-32 

43-74 

46-43 

40-87 
37-77 

43-41 
4202 
40-72 



4436 
46-60 

43-92 
47-65 

40-60 

44-80 

42-86 

44-13 
46.37 
43*83 
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III 

til 






G. 

40-3 

68.5 
67-7 
46-5 
61*2 
63*6 
466 
62-7 
66-2 
63-7 

62-7 

72-6 
66-7 
860 
67-6 
640 
46-0 
60-0 
62-0 
65-6 
64-6 

64-0 

74-6 

76-0 
50-0 

68.6 

68-6 



760 
65-0 

61-6 
670 

80-6 

69-0 
756 

80-0 
95-3 
700 



ill 

« p c- 



ll 



9-66 
9-7 

l6-*6 

10-3 
4-2 
8-98 
7-4 

11-80 

10-69 



9-39 

8-8» 
10-44 
804 
9-99 
10-64 
7-76 
8-34 
10-72 
10-70 

lO-lS 



10-46 
9-66 

10-78 
9-68 

7-88 



9-09 
9*00 



8-58 
8-35 



8-26 



8-16 
816 



8-23 



1, 



H 



3u^ 

gig 

> o ® 

5«« 



681-20 

566-02 
456-18 
608-78 
587-92 



540-12 
536-26 

498-46 

48000 

471-52 

659-02 

480-07 

494-39 

54419 

401-34 

424-0 

538-48 

61493 

689-20 



10-27 479-68 



656-23 

479-36 
429-82 
-40 



mean. 



441-46 

409-37, 
464.30 
S29-901 
486-i«i 



76 376-22 
518-32 381 .50 
247-24 
409-33 
470-65^ 



486-86 

379-90 

40116 
390-25 
250-40 
476-96 
460a 
347-44 
406-41 
520S 
511-4 

631-6 

489-5 



5173 

546.1 

4000 
399-5 
397*5 



446-91 



•79 
379-76 



443-50 481 



400-60 



419-74 435 



4541 
500-S 



440-4 
4191 



454-3 



401-32 B98 3, 
8-06 371-91 381 

7-58 |380-18f 431 
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c. 


D. 


B. 


F. 
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I. 
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COALS. 






















Baleanus fiw-feet . 


7-21 


40« 


7911 


•<19 


61-44 


46-71 


44-6 


738 


363-29 


487-5 


Johneon&Wirthing- 






















toaXSirJoim . 


6-32 


Sl€ 


81-73 


•631 


68-89 


43-13 


82^0 


6-62 


326.11 


362-7 


NEWCAST5LB 






















COAJLS. 






















Andrew's HoHse 






















(Tanfleid) . . 


«-39 


521 


78-86 


•360 


51-36 


42-99 




9-80 


489-21 


351-2 


Newcastle Hmrttef 


8-33 


se-5 


80-27 


•629 


68'^ 


44-35 


78-6 


8-65 


415-61 


3080 


Hedley's Hartley . 


8-16 


520 


81-79 


•635 


57-28 


43-07 


85-5 


8-71 


424 62 


300-8 


Bate's West Hartley 


8-04 


90-8 


7817 


•649 


63-87 


44-13 


89-5 


8-26 


408-43 


406.8 


Buddie's West 






















Hartley 


7-82 


»•« 


7711 


•656 


52-30 


40-09 


80-0 


8-01 


396-69 


413-3 


Hastinff's Hartley . 
Carfs Haitley 


7'77 


48-6 


78-04 


•621 


60-90 


46-18 


75-5 


7-93 


376-84 


404-5 


7-71 


47-8 


78-23 


•611 


63'€6 


46-86 


77-5 


8-13 


368-63 


3443 


Bavison's West 






















Hartley 


7-61 


417-7 


78-36 


•608 


64-27 


46-96 


78-5 


7-83 


362-99 


402-9 


Korth Percy-Hartley 
Haswrells Coal Co.'S 


7-57 


491 


78-29 


•627 


56.45 


46-62 


60-0 


772 


371-68 


423-5 






















SteamboatWairs- 






















end 


7-48 


49-6 


79-36 


•623 


60-32 


46-26 


79-6 


7-85 


373-66 


291-8 


DeFwentwater*s 






















Hartley . . 


7-42 


50-4 


78-79 


•639 


56^2 


44-44 


635 


7-66 


373-93 


451-1 


Original Hartley . 


€,82 


491 


77-98 


•629 


58-81 


45-62 


80-0 


6-98 


334-86 


428-4 


Cowpen & Sidney 






















Hartley . . 
Lydnegr, Forest of 


6'79 


47-9 


78-67 


•608 


64-23 


46-76 


74-0 


7-02 


326-24 


350-4 






















De^ . . . 


8-62 


54-4 


8004 


•680 


4702 


41-14 


550 


8-98 


463-86 


487-19 


Stav€l<y.t>ertqraliii« 
BroomfaUl 


7-26 


40-9 


79-79 


•625 


52-90 


44-88 


88-5 


7-46 


362-27 


466-2 


7-30 


52*6 


79-79 


•673 


45-55 


42-67 


65-7 


7-33 


383-25 


397-8 


Slievardagfa (Irish 






















Antiffacite). . 


«-86 


«2-8 


99-67 


•680 


68-65 


36-66 


74-0 


10-49 


618-68 


478-2 


SCOTCH <;OAI.S., 






















DalkeithJewelSeam 


7-08 


49-8 


79-67 


•625 


5-98 


49-98 


86-7 


7-10 


352-58 


356-2 


Dalkeith Coro- 






















nation Seam 


7-71 


51-6 


78-61 


•657 


52-17 


4316 


88-2 


7-86 


398-29 


370-1 


Wallsend ElgiQ . 


8-46 


64-6 


78-61 


•694 


43-78 


41-02 


64-0 


8-67 


460-82 


486-7 


Fordel Splint . 


7-56 


550 


78-61 


•699 


42-92 


40-92 


63-0 


7-69 


415-80 


464-9 


Grangemouth . 


7-40 


54-25 


80-48 


•674 


48-35 


40-33 


69-7 


7-91 


401-45 


380-40 


Wellewood . . 


8-24 


52-6 


79-78 


•659 


53-57 


42-68 


80-0 


8-39 


433-42 


^8-5 


Eglinton 
Conception Bay, 


7-37 


52-0 


79-84 


•661 


51-48 


«-07 


79-6 


7-48 


383-24 


406.2 


6-72 


.. 


80-64 










6-96 




125-0 


PATBKT FUELS. 






















WarUeh's Patent 






















Fuel . . . 


10-36 


69-05 


72-26 


•955 


4-49 


32-44 


^^ 


10-60 


716-13 


457-8 


Lyon's Patent Fuel 
Wylam'sPatentFuel 


9-58 


611 


74-73 


•817 


22-30 


36-66 


,, 


9-77 


585-33 


409-1 


8-92 


6608 


68-63 


■948 


.5-45 


34-41 


^, 


9-74 


580-61 


118-9 


Bell's P»t«T»t Fuel . 


8-53 


fi6-3 


7112 


•918 


8-91 


34-80 


.. 


8-66 


507-0 


549-1 1 



L3 
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APPENDIX, 



TABLE No. XlL—coniinued. 
-SHOWING THE COMPOSITION OF AVERAGE 
SAMPLES OF THE COALS. 





Specific 














Per-cent-l 


Locality 


gravity 




Hydro- 


Nitro- 








age of , 


NamcofCoal, 


of 
Coals, 


Carbon. 


gen. 


gen. 


Sulphr. 




Ash. 


i^oKe left 


.1 


WELSH COALS. 


A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 




Craigola . . . 


1-80 


84-87 


8-84 


0-41 


0-45 


7*19 


8-34 


85-5 


Anthracite . . 


1-375 


91-44 


3-46 


0-21 


0-79 


2-58 


1-53 


92-9 ' 


Oldcaatle Fiery vein . 


1-289 


87-68 


4-89 


1-31 


009 


8-39 
rindu- 


3-64 


7^8 1 


Ward's Fiery vein 


1-844 


87-87 


8-98 


3-02 


0-88 


\ dedin 


7-04 




Bineacoal . 


1-804 


8866 


4-63 


1-48 


0-38 


(.ash. 
1*03 


8-96 


81-10 




1-313 


85-46 


4-20 


1-0 


0-29 


2-44 


6-54 


83-69 


Pentrepoth . 
Pentrefellin . 


1-81 


88-73 


4-50 


018 




824 


8-86 


82-5 


1-858 


85-53 


8-72 


Trace 


0-12 


4-55 


6-09 


850 1 


Duflfiyn .... 


1-826 


88-26 


4-66 


1-45 


1-77 


0-60 


8-26 


84-3 


Mynydd Newydd 


1-81 


84-71 


5-76 


1-56 


1-21 


3-52 


8-24 


74-8 1 


Three-quarterRockvein 


1-34 


7515 


4-98 


1-07 


2-85 


3-04 


10-96 


62-5 


Cwm Frood Rock vein . 


1-255 


82-26 


5-84 


1-11 


1-23 


58 


6-00 


68-8 ' 


Cwm Nanty-Gios 


1-28 


78-36 


6-59 


1-86 


801 


5-58 
r inclu- 


5-60 


65-6 1 


Resolven 


1-82 


79-83 


4-75 


1-88 


607 


ded in 
lash. 
4-38 


9-41 


88-9 , 


Pontypool . 


1-82 


80 70 


6-66 


1-85 


2-39 


5-53 


64-8 1 


Bedwas . . . . 


1-82 


80-61 


6-01 


1-44 


3-50 


1-50 


6-94 


71-7 , 


EbbwVale . 


1-275 


89-78 


5-15 


3-16 


1-02 


0-39 


1-50 


77-5 ' 


Porthmawr Rock vein . 


1-89 


74-70 


4-79 


1-28 


0-91 


8-60 


14-72 


63-1 ' 


ColeshUl 


1-29 


78-84 


5-14 


1-47 


2*:H 


8-29 


8-93 


66-0 


Tliomas'g Merthyr 


1-30 


90-12 


4-33 


1-00 


0-85 


3-02 


1-68 


86-53 ; 


Nixon's Merthyr . 


1-81 


90-27 


412 


0-63 


1-20 


2-53 


1-25 


79-11 


Hill's, Plymouth Works 
AbentoreCo.'s Merthyr 


1-85 


88-49 


4-00 


0-46 


0-84 


8*82 


2-39 


82-25 , 


1-81 


88-28 


4-24 


1-66 


0'91 


1-65 


8-26 


85-83 


Gadley nine-feet seam . 


1-88 


8618 


431 


109 


0-87 


3-21 


5-84 


86-54 


Neath Abbey 


1-31 


8904 


505 


107 


1-60 




8-55 


61*42 


Gadley Four-feet seam . 


1-82 


88-56 


4-79 


0-88 


1-21 




4-88 


88-23 


1*28 


87- 1-^ 


5-06 


0-86 


1-33 


2-53 


8-04 


73-94 


RockVaw* ! ', \ 


1-39 


77-98 


4-89 


0-57 


0-96 


8-55 


7-65 


62-50 


LANCASHIRE 
















i 


COALS. 


















Balcarras Arley , 


1-26 


88-54 


6-24 


0-98 


1-05 


5-87 


8-S3 


63-t9 ' 


Blackley Hurst . 


1-26 


8201 


5-55 


1-68 


1*48 


5-28 


4.06 


67-84 1 


Blackbrook Little Delf. 


126 


82-70 


5-55 


1-48 


1-07 


4-89 


4-31 


58-48 > 


Rushv Park Mine 
BlackDrook,RushyPark 
Johnson and Wirthing- 


1-28 


77-76 


5-23 


1-83 


1-01 


899 


569 


56-66 


1-27 


81-16 


6-99 


1-85 


1-62 


7-30 


2-68 


58-10 ; 


ton's. Rushy Park . 


1-28 


79-50 


5-15 


1-21 


2-71 


9-34 


2-19 


57-52 ( 


Laflbk, Kushy Park . 


1-85 


80-47 


6-72 


1-37 


1-89 


8-33 


2-82 


56-26 


Balcarras Haigh Yard . 


1-28 


82-26 


5-47 


1-25 


1-48 


5-64 


8-90 


eo-otf { 


Cannel (Wigan) . 
Balcarras Lmdsay 


1-23 


79-28 


608 


118 


1'4S 


7-24 


4-84 


60-33 


1-26 


83-90 


5-66 


1-40 


1-51 


5*58 


2-00 


67-84 ' 


Balcarras Five-feet . 


1-26 


74-21 


603 


0-77 


2-09 


8-69 


9-21 


55-90 i 


Johnson and Wuthing- 
















1 


ton's (Sir John) 


1-81 


72-86 


4-96 


1-07 


1-64 


8-16 


U-40 


56-15 




NEWCASTLE 




















COALS. 




















Andrew's House 




















(Tanfield) . . . 
Newcastie Hartley . 


1*26 


86-58 


6-81 


1-26 


1-82 


4-89 


3-14 


65-18 




1-29 


81-81 


5-60 


1-28 


1-69 


358 


7*14 


64-61 




Hedley's HarUey . . 
Ba^WMt Hartley . 


1-81 


80-26 


6-28 


1-16 


1-78 


3-40 


9-13 


78-31 




1-25 


80-61 


526 


1-52 


1*86 


6-51 


4-25 






Buddie's West Hartley 


1-28 


80-75 


5-04 


1-46 


1*04 


7-86 


8-85 






Hastines Hartley . . 
Caw's Hartley . . 


1-25 
1-25 


82-34 
79-88 


6-43 
6-11 


1-61 
1-17 


1-86 
0-82 


6-44 
786 


2-94 
6-21 


85-60 
60-68 




Davison'sWeatHartley 


1-26 


83-26 


5-81 


1-72 


1-88 


3-50 


5-84 


69-49 




North Percy Hartley . 
HasweU Coal Co.'s 


1-25 


80-08 


6-06 


0-96 


0-78 


9-91 


8-32 


.57-18 




Steamboat Wallsend. 


1-27 


83-71 


580 


1-06 


1*21 


3-79 


6*98 


61-38 




Derwentwater's Hartley 
Original Hartley . . 
Cowioen and Sydney 


1-26 
1-25 

IM 


78-01 
81-18 

82-30 


4-74 
6-56 

5-10 


1-84 
073 

1-69 


1-87 
1-44 

0-71 


10^81 
8*06 

77-9 


878 
8-07 

2-W 


64-83 
64-22 

68-59 
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TABLB No. Xlh—eoniinued. 



Locality 


Specific 
gravity 




• 
Hydro- 


Nitro- 








Per-cent- 

cdEeleft 
by each 
Coal. 


or 
Name of Coal. 


of 
Coal. 


Carhon. 


gen. 


gen. 


Solphr. 


Oxygen 


Ash. 


NEWCASTLE 


A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


COALS. 


















lS&'^^^^^: 


1-28 


78-52 


6-69 


2-04 


2-27 


6-48 


10-00 


57-80 


1-27 


79-86 


4-84 


1-28 


0-72 


10-96 


2-40 


57-86 


136 


81-70 


6-17 


1-84 


2-86 


4-87 


307 


69-20 












( 


indu--) 






Slievardagh, Irish An- 


1-68 


8008 


2-90 


0-28 


6-78.^ 


dedin 


10-80 


90-10 


thnuite . . . 










1 


ash. J 






SCOTCH COALS. 


















Dalkeitb Jewel Seam . 


1*7 


74-55 


5-14 


0-10 


0-83 


15-51 


4-87 


49-80 


Dalkeith Coronation 


















Seam . . . . 


151 


78-94 


5-20 


Trace 


0-88 


14-87 


3-10 


58-50 


WalUend Bigin . 


120 


7609 


6-22 


1-41 


l-M 


6-05 


10-70 


58-45 


Fordel Splint 


1-25 


79-58 


5-50 


1-18 


1-46 


8-38 


4-00 


52-03 


Grangemouth 


1*29 


79-85 


5-28 


1-85 


1-42 


8-58 


3-52 


56-60 


Wellewood . . . 


1-27 


81-86 


6-28 


1*58 


1-57 


6-87 


2-89 


59-15 


ERiinton 


125 


8006 


6-50 


1-55 


1-88 


8-05 


2-44 


54-94 


FOREIGN COALS. * 


















Formosa Island . 


1-24 


78-26 


5-70 


0-64 


0-40 


10-95 


8-96 




Borneo (Labuan kind) 
Borneo, S-f«et seam * 


1-28 


64-62 


5-74 


0-80 


1-45 


20-75 


7-74 




1-37 


54-81 


5-08 


0-98 


1-14 


24-22 


14-32 




Borneo, ll-feet seam • 


1-21 


70-33 


5-41 


0-67 


1-17 


19-19 


8-23 




Conception Bay, Chili , 
Sydney, N. S. Wales 
Port Famine 


1-29 


70-55 


6-78 


0-96 


1-98 


18-24 


15? 


43-68 




82-89 
64-18 


5-83 
5-33 


1-28 
0-50 


0-70 
1-03 


8-82 
22-75 


2-04 
6-21 




Chirique 

Laredo' Bay . . • 




38-98 


4-01 


0-58 


6-14 


13-88 


86-91 






58-67 


5-52 


71 


114 


17-38 


16-68 




Sandy Bay, Patagonia, 


















No.L 




62-25 


5-06 


0-68 


1-18 


17-54 


13-40 




Ditto ditto. No. t. 




59-68 


5-68 


0-64 


0-96 


17-45 


15-64 




Talcahnano Bay . 
Vancouver's Island . 




70-71 


6-44 


1-08 


0-94 


13-95 


6-92 






66-93 


5-32 


1-02 


2-20 


8-70 


15-83 




Colcurra Bay, ChiU . 




78-30 


5-50 


1-09 


1-06 


8-37 


5-68 




PATENT FUELS. 












rinclu- 






Warlieh'a Patent Fuel. 


1-16 


90-02 


5-56 


Trace 


1-62 


•dedin 
lash. 
2-07 


2-91 


8610 


Lyons ditto ditto . . 
Wylam's ditto ditto . 


1-18 


86-86 


4-56 


1*06 


1-29 


4-66 




110 


79-91 


5-69 


1-68 


1-25 


6-68 


4-84 


65-80 


Well's ditto ditto . 


1*14 


87-88 


5-23 


0-81 


0-71 


0-42 


4-96 


71-70 



3. — SHOWING THE AMOUNT OF VARIOUS SUBSTANCES PRO- 
IJUCED BY THE DESTRUCTIVE DISTILLATION OF CERTAIN 
COALS. 



Name of the Coal. 


Coke. 


Tar. 


Water. 


Ammo- 
nia. 


Carbon. 
Acid. 


gen. 


Oleftant 
Gas and 
Hydro- 
Carbon. 


Other 

Gases in- 

flamma- 

ble. 


Graigola . . . 
Anthracite, Arom Jones, 

Aubrey and Co. 
Oldcastfe Fiery vein . 
Ward's Fiery Vein . 
BineaCoal . 
LlanKcnnech 


85-60 
92-90 

79-80 

88-10 
88 69 


1-20 
none 

5-86 
1-80 
2-08 
1-32 


8-10 
2-87 

8-89 
8-01 
3-68 
4-07 


0-17 
0-30 

0-85 
0-34 
0*06 
0-08 


2-79 
0-06 

0-44 
1-80 
1-68 
8-21 


Traces 
0-04 

0-13 
0-21 
0-09 
0-02 


0-23 

(?) 

?! 
0-31 
043 


9-77 

408 

7-28 



222 



APPENDIX. 



TABLE No. XIII. 

TABLE OF THE TEMPERATURES AND RELATITE TOLUMES 
OF STSAM OF DIFFERENT DENSITIES. 



Pressure 


Clorrespond- 


Relative 


Pressure 


Conrespond- 


Relative 
Yolnme of 
the Steam. 


in pounds 

per square 

inch. 


ing tempera- 
ture, Fabven- 
heit. 


Volume of 
tbe Steam. 


in pounds 
persquare 


ing tempera- 
ture, Fanren- 


lbs. 


degrees. 


Tolume. 


lbs. 


degrees. 


volume. 


1 


102-^ 


20868 


31 


253-6 


857 


2 


1261 


10674 


32 


255-5 


833 


3 


1410 


74^7 


33 


257^3 


8ia 


4 


152-3 


568^ 


34 


259-1 


788 


5 


161-4 


4617 


35 


260-^ 


767 


6 


169-2 


3897 


36 


262*6 


748 


7 


175-9 


3376 


37 


264-3 


729 


8 


182-0 


2983 


38 


265-9 


712 


9 


187-4 


2674 


39 


267-5 


695 


10 


192-4 


2426 


40 


269-1 


679 


n 


197-0' 


2321 


41 


270-6^ 


«64 


12 


201-3 


2050 


42 


272-1 


649 


13 


205-3 


1904 


43 


273-6 


635 


14 


2091 


1778 


44 


275-0 


€22 


15 


212-8 


1669 


45 


276-4 


610 


16 


216-3 


1573 


46 


277^8- 


598 


17 


219-6 


1488 


47 


279-2 


58^ 


18 


222-7 


1411 


48 


280-6 


575 


19 


225-6 


1343 


49 


281-9 


564 


20 


228-5 


1281 


50 


283-2 


554 


21 


231-2 


1225 


51 


284-4 


544 


22 


233-8 


1174 


52 


285-7 


534 


23 


236-3 


1127 


53 


286-9 


525 


24 


238-7 


1064 


54 


288-1 


516 


25 


241-0 


1044 


55 


289-3 


508 


26 


243-3 


1007 


56 


290-5 


6U0 


27 


245-5 


973 


57 


291-7 


492 


28 


247-6 


941 


68 


292-9 


484 


29 


249-6 


911 


59 


294-2 


477 


30 


251-6 


883 


60 


295-6 


470 
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TABLE No. XIV. 



8 

'A 


1-4 
© 

Ok 

« 
o 

CO 

© 


§ 

PS 

g 
1 


•O«>»«OC^O»QO00«O^©e0F-4 


i 

03 


s 

01 
01 

S3 

§s 

04 

oo 

1^ 

to 
»o 
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pp';^o>o^©oep*>.o^oo'^|-4 
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QOep«pfr*epco»pQpepo>K»©l 


iOCOcOOi-HTj<0©t>.»ft«Ot>. 
t^eO"<««01«N.»-no»0'^OI«0»0 
<«t«>p©CpOi;4Mt>»04C»^i-H 
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OQ0tN.ifdQ004tN.«0»0e0t^<e 
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•-I kH kH 
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r-4 »-» 1-1 
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oS«oeo*o©S§o»OQO»o 
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©tOOCO^OQOtO-^-^O^O 

o-<i«kn<r^ao©o]aoo)«ooQO 
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l-H l-H 1— I 
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0>l©Ot>»©e00>©0)0»t^O 
1-H 1-^ rH 


r^eoocoo>o»F-i»oo>a>F-4U» 

QO»rtCqOI^01»OOI©»^rlO» 

.-i04ep»poioi'«**oortop»p»7H 

— 4 rH .-• 


o«oO'<<«oaocaoQO«ocOkf» 


'*»OCOOSOOCOCO'^«>."^«00 

t^©irt'^eC'^«OeOi-ioOi-i© 
Cl©eo«0404';j»<QpepQp.ft01 


oooocai-(M'*©«jeca»o 
o>co«o«>.iftoo»ooi'«*a»OQo 


«0<00»«^»«»0«>i'^040s04© 
Cp9«iftOJ01'«t<Gp«pQp.ftOI 

^ ^ ^ 


©©oo>-HO<oo'VOtnio 
©ooor*©<D©40©i-«Q0 


rHt>.00©OOI<0«tOt^OO© 

?O^OI©«^t^0Oi««OO»O»»-f 
<«i^'^«OOI04'^Gp«pQpOOI 

^< ^« 1-^ 




eO"*iO<o*^ooo>©i-<e«eO'*f 


1 


eO"^»O«O*>i00O>©i-iOI«O^ 
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TABLP No. '^IV.'-eantim^ed. 



c6 
P 

O 

CO 


o 

CO 

ao 

CO 

»>. 
CO 

«o 

CO 

CO 

'f 

CO 
CO 

CO 

CO 

o 

CO 


0^ 
O 

CO 

»^ 

3 




i 


- 

_ 
3 

T 


(4 

§ 

i 

00 

S 




eo»o»oco»o»«'^i<Qooao"^t^ 

'«l<00O4COt^Q0l>.OSC^J-*«>.«^ 


C^^O»OC^^r1^e•«CO«^»OOD 
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^«0C^OO»O»00OW<Nt>.00 


O^'*eot^'<i«00»0c0i-«cc 
0»<MQ0e0^Oc0«>-C^lC0O^ 

-Ti-T^otfiOt^OTt^oocoo 


QOr^»Ot>.OOOS^COCOOOOO 


Tj*C^I(M^COSOOt^QOO»«Ot^ 
lOtO^O^^-^QOC^COO^ 


C0t^Q0O«OC0«0»0<N00OO 
!£)»rtOOO<N(M'^CM'^COO>OS 
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REPORT TO THE DIRECTORS OF THE GRAND CANAL 
COMPANY, ON SCREW STEAM BOATS. 



Gbntlbmbn, I regret exceedingly that from Tarious caase8« OTer which 
I had no control, I haTe been preTented until now from reporting on the 
two steam boats in use on your canal, although the experiments made 
with them have been completed some time ; but I hope my preliminary exa- 
fflination and report on these two boats has prevented the inconTenience 
that would otherwise have arisen from this delay, as it has enabled you to 
order a boat which, I have no doubt, will be found more suited to the trafSo 
on your canal than either of those now employed upon it. I do not, how- 
ever, daim any merit for the plans or arrangement of the machinery in« 
tended for this boat, all of which were prepared by your own officers, and 
whatever merit it may have is entirely due to them ; all that I could do was 
to satisfy myself from the experiments and examination of the two boats, 
which was the best constructed, and, under similar circumstsnces, produced 
the best effects, and to recommend to you that form of construction for the 
boat yon were about to build, which from these experiments I was enabled to 
do with perfect confidence ; at the same time I do not by any means pretend 
to say that a better form of boat, and more efficient machinery, may not be 
hereafter constructed, when more experience and practical knowledge shall 
be obtained by the working of these boats ; for, when locomotive engines 
were first introduced upon railways, they were very much inferior to those 
now used. Almost every one which has been since made up to the present 
time has been an improvement on those previously constructed, either in 
strength, efficiency, or economy of working ; and I have no doubt but similar, 
or at all events very great and important improvements will be made in 
ateam boats for canal purposes, when they become to be more generally used 
and more attention shall be paid to th«m by practical men. 

In ordeer, howevr, to enable me to report on the queries put to me by 
yoor Secretary, I thought it necessary to make a careful examination of the 
two boats at present at work on your canal, and also to ascertain by experi- 
ment the power and capabilities of each of these boats under different cir- 
cumstances, as well in reference to the load they could carry as to the load 
they could haul with different velocities. In making this examination and 
experiment I was assisted by your excellent Secretary and intelligent Suj^er- 
intendent of Works, Mr. Talbot, who gave me every information, and aided 
me in every way in their power. 

L3 
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The first of these botitf which I examined, called No. 2 Boat, was coa- 
stracted by Messrs. Robimons and Russell, of London. It is built of iron, 
without ribs, is 60 feet long, and 12 feet beam, and is propelled hj<m» screw, 
driven by an engine of the foUowing dimensions :<^boO«r 2 feet 6 inches 
diameter, containing 74 tubes of 1} inches diameter each ; the length of the 
tubes is 4 feet 6 inchefi with 2 oscillating cylinders of 5^ inches diameter, 
and 15f inches length of stroke. Pressure 50 Ibs^ and calculated to make 120 
strokes per minute ; tbe thickness of bdler f , with & stays of round {-inch 
iron to strengthen tba steam chambere. 

Ilie diameter of tlie screw is 4 feet, width of blade 1-11^^ pUdk of 4cnw 
6 feet, stem post 9f inciMa below keel level. 

No 1 Boat was bmit at the Ringscind Wofka, and tbe engkies and ma- 
chinery were made and put into ber by Mr. indiaw, of Bopming^m, who 
has constructed wveral steam boats used on English Canals* The length of 
this boat is GOfeel^ and its width 12 feet. The b^ler ia 4 feet 6kiciMs in 
diameter, contalnkig 4B tubes of 2^ inches diameter, and 6 feet long; fcbe 
cylinders are 7 inches in diameter ; length of stroke 18 inches, and calculated 
to make 120 strokes per minute, the pressure bang 50 fbs» The boat if 
propelled by two screws, 4 feet pitch, 3 feet in diameter, and 2 feet long, 
placed at each side of the stem post, worked with bevelled gear and two-fold 
multiplying power.* This principle of constmetiou i^pears to answer very 
much better than that of No. 2 Boat, with one screw, for it is capable of 
being stopped and the motion reversed with much greater ease than the 
other, and it steers stem foremost almost as weU as when running forward, 
which is a most important and essential reqnisite in ai^y steam boat employed 
In Canal ^ffic^ where obstacles and interruptions are so frequent, mid which 
might be attended with danger, if the power of reversing was not easy and 
effective t in this respect it is very superior to the boat with one screw, which 
does not steer at all when the motion is reversed, but runs direct across the 
Canal to one ude or other, according to the position of the boat at the 
moment of reversing. This boat (No. 2) was engaged by the biitilders to 

* These screws are what is usually termed right and Jqft handed ; they 
consequently work in opposite directions. This is an improvement first 
adopted by Mr. Iiuhaw, and is found to be most important as to the woricisg 
effect. Any person who has attentively watehed the effect of a single screw, 
will have observed that the current of water thrown back from it does not 
take a direction in a right line with the boat, but in one at a diagonal with 
that line. By Mr. Inshaw's arrangement of the two screws, the two ^^agonal 
lines being in the direction of the streams lirom tiie two screws, are thrown 
iimard$f meeting immediately behind the rudder. The resuli&ni is neces- 
sarily a straight line of current in the centre of the canal, manifestly advan- 
tageous as regards the action of the screws, and strikingly so as regards the 
facility with which the boat ia steered, and the power of the rudder. 



cairf 40 tons gross, to be fernishfld wttli engiiMS of 12*hono power, (nominsl,) 
coDsisting^ of two oseilktiBg oyllndbrs, and • tabular boiler, with feed pipos 
and reversing gear, and eapablo of going wiUi tbat load at about 5 to 6 milei 
per hoar, and of propelling itself and another boat at the rate of about S Irish 
miles, or 3| English miles, per hour. This agreement does not howoTer 
8'^ate what load the boat to be propelled or towed was to carry, but it would 
appear to be the same as in the steam boat, that is 40 tons gross. By the 
experiments made with this boat, it is evident that she falls very much short 
of this peHbrmance, for, with 41 tons, she went only at the rate of 3} milee 
per hour, instead of 5 to 6 miles ; and when towing a boat loaded with 52 
teas, ahe went at a rate of only 2^ milaa per hour, instead of 3f . In faet, 
when loaded with 20 tons only, she went at the rate of 4 miles only per 
hour ; this discrepancy would appear ftp aiiae from want of power in the 
engines, for it does not appear that they are more than S-hono power, instead 
of 12 ; it may, however, be possible, that other eircnmstencea oonnected with 
the f(nrm or arrangement of the screw may be the cause of tho want of speed,, 
but want of power in the engnM is the most apparent delect ; before, how- 
ever, drawing any conclusion from the experiments referred to, it will be 
proper to describe them. The first set of the experiments was made on tho 
24th of ApriU the vreather was cold* but there vras little or noswind^to affect 
the free movement of the boats. 

Fir$i Experiment, 24th April, 1851, was made with Steam Boat No. 2^, 
loaded vrith 41 tone. The distance of ]ialf-a-mil» (measured) was run in 
^ 25'', being at the rate of 5*56 miles per hoar« During this experiment 
the pressure on the boiler was 50&«. and the avecage number of strokes^ 
was 102. 

Second Experiment. ^-In tins experiment the boat was loaded witii 41 ton*. 
S8 before, and a barge was atteched to it by a tow-rope. This barge was> 
loaded with 52 tons : the pressure was 421IM.9 and the average number of 
strokes per minute was 67. The same distaa^Q at bsfore was run ialB^ 6f\, 
or at the rate of 2*29 miles per hour. 

TMrd Experimeni.^lfL this experimeafc^ two Barges w«re attached^o thtoe 
steam boat ; one was loaded with 53 tone, the other with 30 tons, b^dtf t» 
the 41 tons in the steam boat, in all 124 tons. The pressure on the.bq{les> 
was 501bs. as in the first experiment, and the average number of stroket.,,Af> 
the piston was 98, whUst the time occupied in passing over the same, spapj^ 
was 14^ 40^, or at the rate of 2*05 milea per hour. 

On the ^th April tiie following experimenta were m^e witht tiba w 
boat. ""^^amii 
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mrsi Experiment.^Thehoat was loaded with 20 tons, the pretsure wa» 
50 lbs. on the safety yaWe, thid average nnmher of strokes was 100 per 
minute, and the same distance of half- a- mile was run in V 30''» or »t the 
rate of 4*0 miles per hour. 

Second Experiment. — In this experiment one harge, loaded with 50 tons, 
was attached to the steam boat loaded with 20 tons ; the pressure as before 
was 50 lbs., and the average number of strokes per minute was 90|, whilst 
the same space ran over required 12' 20'^ or at the rate of 2*43 miles per 
hour. 

Third Experiment, — In this experiment two boats loaded with 50 tons 
each were attached to the steam boat loaded with 20 tons, in all 120 tons 
of goods ; the pressure was 50 lbs., the ayerage number of strokes was 94, and 
the space was passed over in 12^ 55'', which was at the rate of 2*31 miles per 
hour. 

On the 5th of May the following experiments were made with No. 1 steam 
boat, having two screw propellers. 

First Experiment. — ^The boat was loaded with 20 tons of goods ; the same 
half-mile distance was run over as in Ihe former experiments with No. 2 boat ; 
the pressure was 45 lbs., the number of strokes averaged 110 per minute; 
the distance was run in 6' 41'', which was at the rate of 4*49 miles per hour. 

Second Experiment. ^In this experiment a barge carrying 50 tons was 
attached to the steam boat, which was loaded with 20 tons ; the pressure 
was 49 lbs. as before ; the average number of strokes per minute was lOU 
and the time was 9' 12", which was at the rate of 3*26 miles per hour. 

TTiird Experiment.-^ In this experiment three boats were attached to the 
steam boat — one was loaded with 50, the second with 27 tons, and the third 
with 34 tons, in all 131 tons, including the 20 tons in the steam boat; the 
pressure was 49 lbs., the average number of strokes per minute was 96, 
and the time occupied was lO' 58'', which was at the rate of 2*73 miles per' 
hour. 

One fact, but certainly a most important one, has been established by 
these experiments, and that is, that a very much greater and useful effect is 
produced by hauling than by carrying. This fact was exemplified in every 
xperiment that was made, though it was more apparent in one of the boats 
han the other, as will be seen by reference to the experiments; it also 
appears that one form of boat and machinery is less affected in speed than 
the other by a proportional increase of weight hauled than carried ; from this, 
it is evident that the form of boat and machinery most suitable for carrying 
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goods will differ from the form of boat end machinery suitable for haulage. 
The barges and boats on your Canal are much too large, heavy and unwieldly ; 
they are a heavy load in themselves, and require considerable power to move 
them, even at a slow rate, when empty ; they are also formed as if they were 
to be employed as sailing barges, similar to those on the Thames and other 
rivers : this is a very great mistake and quite unsnited to Canal navigation. 
If the boats were boilt 60 feet long, 6 feet 6 inches wide, with upright sides, 
and upright cornered bows, which woald admit two of them to enter a lock 
at the same time, a great amount of saving would be effected on your Canal 
in the power required to haul such boats, as compared with those now in use, 
for I have no doubt that six of those boats carrying 35 tons each, would be 
as easily hauled as two of the present boats 50 tons each — or in the ratio of 
210 to 100 — and that such a steam boat as No. 1, at present in use, would 
be enabled to haul these six boats carrying 210 tons of goods at the rate of 
three miles an hour, and carrying at the same time 20 tons of goods, besides 
the 210 tons hauled. I would, therefore, strongly recommend you to have 
two soch boats built, and if you found that the saving in power required for 
hauling was what I have stated, it would be judicious to have all new boats 
bailt on the same plan. I am well aware that it is very difScult to get parties 
long accustomed to a particular form of boat or carriage to adopt a different 
one ; but I am convinced the advantages of the light and narrow boat would 
be so apparent that it would in a short time be universally used in Canals in 
this country, as such boats are at present used in most of the Canals in 
Bngland and Scotland ; and in any future engines that may be ordered for 
your Canal, I would recommend that the fire-box should be made as large 
as the construction of the boat will admit of, and that the draught up the 
fine be as moderate as possible, as more suitable to a turf fire than one of 
coke, for there cannot be a doubt, but turf or peat fuel will answer every 
purpose of working steam boats on the Canal, and will be very much cheaper 
than either coal or coke. My replies to the queries put to me will form the 
subject of a further report, which shall be submitted with as little delay as in 
my power. 

JOHN MACNEILL. 
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TERMS CONNECTED WITH MAEINB ENGINES 
AND BOILEBS. 



Air-ccuinff, of thin sheet iron, (la 
chemise,) sarrounda the bottom of 
the chimney to preyent the r&dia- 
tlon of heat to the deck. 

AiT'pvpe, a small copper ^m lead- 
ing from the top of the hot-well 
through the ship'to side, f(» the 
discharge of the air and uncon- 
densed Tapour pumped by the air- 
pump. 

Air-pump, (la ^omp a Pair,) is re- 
quired to maintam the Tacumn in 
the condenser by withdrawing the 
condensing water, air, and uncon- 
densed yapour. 

Air -tubes, are small wrought-iron 
tabes hung in the coal-boxes from 
the deck and filled with water, for 
the purpose of ascertaining the 
temperature of the coals by a 
thermometer, as a precaution 
a^inst spontaneous eomVustion. 

AThffk-iroUf (comiere). 

Anmdar-pwton, is one made in the 
form of a ring encircling an inner 
cylinder whidi is enclosed within 
the external one. This arrange- 
ment is sometimes adopted to gain 
length of connecting-rod, by caus- 
ing it to descend within the inner 
cylinder. 

AnvU, (masse). 

Aah-fita, (cendriers,) underneath the 
fire-bars of the furnaces, where the 
ashes collect. 

Atnwspheric or tingJA-actms engine, 



^iMchine d'mpeur stmo8pheri4iie,> 
is a condensing engine m which the 
pressure of the steam acts during 
the up-stroke only, <^e return 
stroke being performed by the 
pressure <^ the atmosphere acting; 
against m yaeuum. 

Atunliary 0TfeedMii{f engine, (machine 
alimentaire,) fitted to supply tubular 
boilers with feed-water when the 
large engines are-not working, and 
the ordinary £eed-pumps are there- 
fore inactiye. 

Axle, (touriUon). 

Babhii^e patent Im^kes, are formed of 
an alloy of 1 lb. copper, 50 lbs. tin, 
5 lbs. regulus of antimony. 

Bagk^HiUvnee of eccentric, is fixed to 
the back of the eccentric pulley for 
the purpose of baJancing its weight 
on the shaft* 

Back-balance ef slide vc^s, is the 
weight fixed at the extremity of 
the yalye-leyer for balancing the 
weight of the slides. 

BadC'lash, is the term giyen to the 
jar which ensues when one portion 
of the maohin^T- which reoeiyes 
motion from another (but without 
being always in actual contact) has 
its yelocity so increased from some 
extraneous cause, that it faUs back, 
with a sudden blow, upon the part 
from which it ought to deriye its 
motion. 
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Baek-linb, the links in a iMurallel 
motion which connect the air-pomp 
red to the beam. 

Ballati, (sable). 

BarMng-n^ the fire*, raking them to 
the bridge of the fiimace, and then 
smothering them with dnders and 
small coal, the draft being at the 
same time checked. By tUs means 
the fires are kept in a state of 
languid combustion, but are ready 
to bum np briskly again when 
steam is wanted at short notice, 
the red-hot mass being then broken 
np, raked forward, and the draft 
re-admitted. 

Barometer or vaevmnrgauge, (baro- 
metre,) is fitted to the condenser 
of an engine to show the racnum. 
It resembles the common weather- 
barometer, except that the top of 
the tube is in communication with 
the condenser. 

^arrelofa pump, (corps d'une pompe). 

Bate-plate, see Sole-plcOe. 

Beam or gide-lever engines, (machines 
a balanciers,) are those in which the 
motion of the piston is commnnicat- 
ed to the crank through rocking 
beams or levers at the sides. 

Beama of a yessel, (travers). 

Bearers, are the cross bars in the 
furnaces supporting the ends of the 
fire-bars. 

Bear, is a small apparatus for punch- 
ing holes by hand. 

fearing, neck, or jonmal, of a shaft, 
(coussinet d'une arbre,) is the part 
which revolves within the pedestal- 
brasses, and supports the weight or 
strain. 

Bedding of a boiler, is the seat on 
which it rests. 

Bilge-pumps, worked by the engine, 
to clear the water from the bilge 
of the ship. 

Blowing-off, the process of ejecting 
the super-salted water from the 
boiler in order to prevent the de- 
position of scale or salt. 

Blow-off cocks and pipes, are those 
through which the brine is eject- 
ed. 

Blomng-tkrough, (purger d'wr,) is the 
process of clearing the engine of 
air by blowing steam through the 
cylinder, valves, and condenser, 
before starting. 

Blow-through vdhe, (soupape a pnrger 



d'air,) is fitted between the valye- 
casing and the condenser for the 
temporary passage of the steam used 
in blowing through. 

BoUer, low pressure, high preaaure, 
(chandiere a basse pression, a haute 
pression). 

BoU, bolted, (bonlon, boulonn^). 

Boss, ^renflement,) is a centre or 
swelling of any kind in which a 
hole or eye is bored. 

Box-keys, are the upright keya used 
for turning the nuts of large bolts, 
or where the common spanner 
cannot be applied. 

Bracket pedestal or plummer-hlock, is 
the fixed support for the bearing 
of a shaft in motion, formed so that 
it can be fixed vertically to the 
frame of an engine, or the side of a 
beam, &c. 

Brass, (bronze,) an alloy of copper, 
tin, and rinc, in different propor- 
tions. Tough brass, for engine* 
work, is formed of 10 lbs. copper, 
1| lb. tin, and IJ lb. zinc. Brass, 
for heavy bearings, of 1 lb. copper, 
2^ oz. tin, \ oz. zinc. 

Break or hrake, (frein). 

Bridge of a boiler, is the barrier of 
fire-bricks, or iron plates contain- 
ing water, thrown across the fur- 
nace at the extreme end of the 
fire-bars, to prevent the fuel beings 
carried into the flues, and to 
quicken the draft by contracting 
the area. 

Brvne-pumps, (pompes de sanmnre,) 
are worked by the engines to with- 
draw the super- salted water from 
the boilers methodically, instead 
of by periodical blowing-oC 

Bulkheads, ^cloisons). 

Btish, is a lining of brass, steel, or 
ether metal, fitted in an eye or 
bearing, either to diminish friction 
or prevent rapid wear. 

Callipers, are compasses with round 
legs, used for taking the diameter or 
thickness of circular or flat inside 
work about an engine. Inside 
callipers are used for measuring the 
internal diameter of a brass or hole 
of any kind. 

Cam, for expansion, is a disc of cast 
iron, baring the periphery cut in 
an irregular figure, for giring the 
proper motion to the ezpansiMi 
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Yalve. It ig jipradaated in steps so 
as to suit the different degprees of 
expansion. 
Can-iage by sea, (transportation) ; 
by land, (montage). 

CaH, (conl6). 

Ccut-iron, (fonte). 

Catarctct, is a contrivance introduced 
into marine engines for softening 
the fall of the expansion yalyes 
when these are made upon the Cor- 
nish principle. It consists of a little 
brass cylinder filled with water or 
oil, and fitted with a solid piston 
connected by a crosshead witn the 
Taive spindle. The fall of the valve 
is checked and regulated by the 
escape of the water or oil through 
a small hole bored for that purpose 
in the side of the cylinder, the pis- 
ton of the cataract descending ac- 
cording as the liquid is forced out 
from before it by the pressure due 
to the weight of theexpansion-valve. 

Cement y (ciment, mastice). 

Centi^-boss, of- the paddle-wheels, 
(renflement central des roues a 
aubes). 

Chimney, (chemin6e). 

Chisel, (dseau, burin). 

Clack-valve, a flat yalye with a hinge- 
joint. 

Ciearaince of the piston, is the small 
space left between the piston and 
the top and bottom of cylinder at 
the end of each stroke. 

Clinkers, (scories,^ are the incom- 
bustible matter left on the fire-bars 
daring the combustion of the coal. 

Clvnker-bar, is fixed across the top of 
the ash-pit to support the slice \iaedi 
for clearing the interstices of the 
bars. 

Cloihing the steam-pipes, boilers, &c., 
means covering them with felt and 
other non-conducting materials, to 
prevent the radiation of heat. 

Coals; coal bvmkers, (les houilles, 
charbon de terre ; scutes a char- 
bon). 

CwU'trimmer, a man whose duty it is 
to work within the coal-boxes, and 
bring the coals to the doors at the 
boiler front as they continue to be 
consumed. 

Cock, (robinet). 

Cogged wheels, (roues dent^es,) are 
those fitted with wooden teeth or 
eogs, for the purpose of lessening 



friction and giving smoothness of 
action. 

Cold- chisel, a chisel properly tempered 
for cutting cold iron. 

Collar of a shaft, (collier,) is the pro- 
jecting rim on each side of the neck 
or bearing, to confine it sideways 
during its revolution. 

Common steam, (in contradistinction 
to tv/per-heated steam,) is steam in 
contact with the water from which 
it was generated. 

Condenser, (condenseur,) is the cast- 
iron box in which the process of 
condensation takes place. 

Condensing engine, (maclune a con- 
densation,) is one in which the 
steam is condensed after leaving 
the cylinder, for the purpose of 
gaining the effect of the atmosphe- 
ric pressure. 

Connecting-rod, (bielle de la mani- 
velle,) in a direct-acting engine, 
cOmmunictttes the motion directly 
from the head of the piston-rod to 
the crank : in a side-lever engine, 
from the cross-tail to the crank. 

Consmwj^tion of fuel, (consumation 
de combustible). 

Covmier, a little instrument employed 
for registering the strokes of an 
engine. 

Cowpling of a shaft, is the mode of 
cotinecting together two or more 
lengths of a revolving shaft, by 
shaping the ends into flat surfaces 
or bearings, which are held together 
by a strong iron collar or coupling^ 
box. 

Cover or lap of the slide-valve on the 
steam side, is the space which it 
advances beyond the opening of the 
steam-port after it has closed it, 
and is given for the purpose of 
causing the engine to work expan- 
sively, by cutting off the admission 
of steam before the end of the 
stroke. 

Cover or lap on the exhausting side of 
the piston, causes the passage to the 
condenser to be closed before the 
end of the stroke, the piston being 
then said to be cushioned by the 
elasticity of the confined vapour, 
upon which it descends. 

Crank; cranked, (manivelle, coude ; 
coud^). 

Crew of a vessel, (requipage d'un 
vaisseau). 
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in a side-leyer engine, crosses the 
head of the piston-rod, and com- 
municates the motion to the nde- 
rods. 

Cross^aU, in a side-leyer engine, takes 
the motion from the side-rods and 
communicates it to the oonneoting- 
rod. 

CW-t;a^, resembles a eouieal yalre, 
but has no spindle, being turned in 
the form of a ci^ vr portion of a 
sphere. 

Chuhionmg the pUton, means that a 
small portion of steam is shnt up 
between the piston and the eyKnder 
top and bottom at the end of each 
stroke, which acts as a spring to 
soften the shook, and to giTO the 
piston a start forward after the 
centre is turned. This effect is 
produced by the lap of the side- 
Talre on the ezhansting side. 

Cutter, (clayette,) is the wedge-key 
used, in combination with the gib, 
(contre-clayette,) for tightening the 
strap and brasses of a bearing, as 
the latter wear by Mction. 

CvMmg-(^ the steam for expansitm, 
(la d^nte). 

Cptrnder-wver, (oeavsrcle de cylin- 
dre). 

Dcm^pen, (les registT«8>) are iron 
plates, fitted by a hinge or otherwise, 
across the fronts of uie ash-pits and 
the bottom of the chimney, for the 
purpose of regulating the draft. 
They are capable of being adjusted 
by hand to any desired area. 

Jkad-prts, when they burn slug^hly. 

IkaA'f^t&y a flat iron plate frequently 
fitted before the bars of a furnace, 
for the purpose of coking bitumi- 
nous coal npon before it is thrown 
back upon the fire. 

Dead-water, (eaumort,) is the ourrent 
following in the wake of a ship and 
partaking of her motion. 

J)eek, (pont). 

Depth of a ressel, (hantevr d^n 
ymsseau). 

Diagram of imdioator, the figure 
traced by the pencil, from which 
the pressure is calculated. 

Dip of the vpheeh, the depth of water 
oyer the top of the yertical board. 

Di/rect-^icting enginee, are those in 
which the motion of a piston is 



communicated direcUp firom the 
head of the piston-rod to the erank 
through the connecting-rod, with- 
out the interyention of side-lcrers. 

Discharge, deUwrp, or woiste'Water 
pipe cmd valve, (tuyeau et Boopape 
de d^charge, ou de sortie,) axe those 
throngh which the heated condens- 
ing water and yapour are disehurged 
into the sea by the air-pump. 

Dieemgagifng or d^iecowneetvng ike pad- 
eUes or screw from the engines, (by 
suitable piachinery,) permits them 
and their shaft to reyoWe freely in 
the brasses b^ the reaction of the 
water, by which means the 0pe«*d 
of the ship when under oanyas is 
not so much affected a» if they were 
dragged through the water. 

Ditplacement of a yessel, b the weight 
of water which she displaces, being 
of oonrse equal to her own weight. 

Donhep or cmxiUarp engine, (ma- 
chine alimentairc ) is used for feed- 
ing the boilers while the large en- 
gines are at rest. 

Double-acting engine, (machine a 
double action,) is one in which the 
steam acts against a ya^aum on 
each side of t^e piston alternately^ 
as in the or<MBary marine engine. 

Double-acting pwmp IB one which lifts 
and forces water alternately, by 
means of a solid piston or plunger 
and an entrance and exit yalye 
communicating with each ^de, (as 
the feed and bilge pomps of » ma- 
rine engine). 

Dovbls-epKnderengine.w'psAeiited by 
Messrs, Mandslay, has two cylin- 
ders, between which the lower end 
of the connecting rod descends, its 
motion being communicated from 
the piston-rod by a bent 4roBshead 
working in grooyes between the 
cylinders. 

Draught of the i^dtmeg (tirage). 

Drmght of water (immercion). 

Drift is a round piece of steel, made 
slightly tapering, and used for en- 
larging a hole la a metal plate by 
being driyen through it* 

Drip-pipe, is a smul copper pipe 
leading from the waste steam pipe 
inside, to carry off the condensed 
steam and other hot water wbidi 
maybe blown into the ^'trap^at 
thet<^. 

Driving^hed, (cone motilo*^) i& the 
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gearing of a screw Tesiel, is thai 
irhiefa commiroioates motioii to ^« 
small wheel or pinion. 

Drum is a hollow cylinder fixed on a 
ehafi for driring another shaft by 
a band. 

Dpnamometer is an Inttmrnent for 
indicatii^ the thrust of the screw- 
propeller by means of springs and 
levers. 

Eecentrie, (I'exioe&tri^pie,) is the ar- 
rangement nsaally adopted for giT- 
ing the proper stroiee to thoTalres. 
It consists of the eccenMr pulkp 
of cast iron, which is loose on the 
intermediate shaft, and the hoop 
of wrought iron lined with brass, 
whidh encircles the pulley, and 
gives motion to the eccentric rod. 
The eccentric stops or snugs are two 
Uttle projections fixed on the inter- 
mediate shaft for the purpose of 
carrying round the eccentric pulley, 
according as it is wanted to go 
ahead or astern, the pulley itself 
being free to revolve backwards or 
forwards between the two stops. 
The weight of the pulley is balanced 
on the shaft by the badk-balance 
cast on it. 

Eduction or exhaust passages (tuyeaux 
de sortie, ou d'^mission), through 
which the steam x>a8ses from the 
valves to the condenser. 

Elective diameter of a paddle wheel 
18 generally reckoned at one third 
of the breadth of the boards from 
each extremity of the diameter. 

Effective heating surf ace in a boiler is 
that which is considered of value in 
evaporating the water. The bottom 
surface of the fines and furnaces, 
and one third of the whole surface 
of the tubes in tubular boilers, are 
usually rejected as ineffective. 

Engine beams cross throu^ the en- 
gine room at the hei^t of the en- 
tablatures, to steady them, and re- 
ceive part of the thrust of the 
paddle wheels. 

Engine hearers or sleepers, (poutres 
de fondement,) are the longitudinal 
keelsons through which the foun- 
dation plate is bolted. 

Engineer, engine tenter, (machinistej 
mechanicien). 

Entabfature is the strong iron frame 
supporting the paddle shaft. It 



usually receives additional itiffhess 
from bein|; confined between two 
beams of timber, called the entabta" 
ture or engine beams. 

EquiUbrium, Cornish, or doubk-heat 
vaheSf are frequently used in marine 
engines as expansion valves. Their 
peculiarity consists in their being 
pressed by the steam equally in all 
direvtions, so that they rise with a 
very slight force, exposing at the 
same time a large area of steam 
with a very small rise of the vahre. 

Escape or priming valves, (Soapapes 
d'eehappement,) are loaded ^ves 
fitted to the top and bottom of the 
cylinder, for the escape of the con- 
densed steam, or of water carried 
med>anically from the boilers with 
the steam. 

Escape-valves are also fitted to the 
feed pipes as a means of exit for 
the surplus water not used by the 
boilers. 

Expatision gear, (I'encliquetoge pour 
1 expansion,) is fitted to marine 
engines, independently of the cy- 
linder valves, for the purpose of 
cutting off the steam at dl&rent 
portions of the stroke, according as 
it is wished to economize fuel more 
or less. It generally consisto of a 
graduated cam on the paddle shaft, 
against which a roller presses and 
communicates the movement pecu- 
liar to the irregular surface of the 
cam, through a series of rods and 
levers to the expansion valve, situ- 
ated between the throttle valve and 
the slides. 

Expansion or Fau«ettjoint is a stufling- 
box joint used when a straight metal 
pipe, (as the steam pipe,), which is 
exposed to considerable variations 
of temperature, has no elbwc or 
curve in its length to enable it to 
expand without injury. In such a 
case the pipe is divided into two 
lengths, which are united by a 
steam-tight joint accurately bored 
and turned, so as to allow the one 
pipe to slip within the other^ when 
they lengtnen by expansion. 

Experiment, (experience). 

Eye of a crank, &c., (enooohe, «il,) 
is a hole bored to receive a shaft or 
pin. 

Fawcett joint, see EapansimjnnU 
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Feathering -paddle wheeli (m Morg&n's 
patent), are those in which the 
requisite machinery for feathering 
the hoards, or causing them to enter 
and leaye the water in a perpendi- 
cular position. By this means, the 
board leayes the water without 
lifting it, and the efifect of the wheel 
is somewhat increased. 

Feeding apparatus, (I'appareil alimen- 
taire,) for a marine boiler, consists 
of the feed pump, feed pipe, passing 
, through the refrigerator, feed cock 
on the boiler, escape valve for the 
surplus water, and water gauges to 
show the level in the boiler. 

Feeding engine, see Auxiliary engine. 

Ferules (riroles) are rings of iron or 
brass frequently used for fastening 
the tubes of a tubular boiler in the 
tube plate. 

Files, (limes). 

Fire bars, (barres du foyer). 

Fire grate, (grille du foyer). 

Fire-hose, are made adjustible to the 
discharge pipes from the bilge- 
pumps, from the auxiliary engine 
where fitted, and from the hand- 
pump in engine room. 

File men or stokers, (chauffeurs,) the 
men who work the fires. 

Firing-up, urging the fires to make 
them form as much steam as 
possible. 

Flange, (rebord). 

Float hoards or paddle hooflrds, (Les 
aubes). 

Flues, (conduits). 

Foot-valve, ( clapet de fond,) is rituated 
between the bottom of the con- 
denser and the air pump, opening 
towards the latter. 

Forcing pumps, (pompes foulantes). 

Fork, (fourche). 

Fork head, the double head of a rod 
which ■ divides in order to form a 
connection by means of a pin. 

F&mdation or hose pUUe, (plaque du 
fond,) see sole-plate. 

Fox key, is a key with a thin wedge of 
steel driven into the end to prevent 
its working back. 

i^me .of the engine, (chassis, cadre;. 

Frames of a vessel, (membrures d'un 
vaisseau). 

Friction, (frottement). 

Fuel, (combustible). 

Fidervm, (support, palier^ crapau- 
dine). 



.FWiMice, (le foyer). 

Fusible Plugs, (bondelles fusibles,) 
are sometimes fitted in boilers, 
being expected to melt by the 
high temperature of the confined 
steam, and thus allow it to escape 
in case of its attaining a dangeroai 
pressure from the safety valve not 
acting. 

Qasket, (garniture d'6toupe,) is the 
hemp jbacking, formed of soft cord 
plaited, which is used for making 
steam-tight ^'oints. 

Gauge cocks, (robinets d'6preuve,) of 
brass, attached to the front of the 
boiler for indicating the level of the 
water. 

Oauqe, steam or mercurial, (mano- 
metre de verre mercurial,) is a 
syphon tube half-filled with mer- 
cury, usually employed for showing 
the pressure of low steam. When 
a marine boiler uses steam of Yaph, 
tension, a spiral spring u employed. 

Oib (contre-clavette), is the fixed 
iron wedge used, in coi^nction 
with the ctUter or driving-wedge 
(clavette), for tightening the straps 
and brasses of the different bear- 
ings. 

Oland, is the cupped collar (lined with 
brass,) which encircles the piston 
and air pump rod, &c., where it 
passes through the cover, being 
for the purpose of holding oil or 
tallow for lubricating, and for 
compressing the packing of the 
stuffing-box upon which it is 
screwed down. 

Glass water gauges, attached to the 
fronts of the boilers for showtDg 
the level of the water. 

Governor, (r^gulateur,) in screw 
engines, is an apparatus by which 
the steam is shut off from the 
cylinders (when the speed of the 
engrine becomes too great), by the 
divergence of two balls from the 
centrifugal force, according as 
their velocity is increased. 

Grease cock on the cylinder cover, for 
lubricating the piston with melted 
tallow, without permitting the 
escape of steam or the entrance of 
air. 

Groove, (trou, entaiUe). 

Guards lor the bolts of an engine are 
light frames of braas or iron, into 
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vbich the nuts of the bolts fit, to 
preyent their working loose bj un- 
screwing. 

Gudgeon, (goujon,) is any short pin or 
shaft used as a bearing for a moving 
portion of the machinery. 

Guidei, (glissoirs,) are smooth sur- 
faces between which the head of 
a piston rod, kc, slides to preserre 
its parallelism ; the sliding block 
attached to the cross head being 
called the Guide block. 

Gun metal, an alloy of brass very 
generally employed in engine work. 
It is formed bv melting together 
1 lb. of tin, 1 lb. sine, and 8 lbs. 
copper. 

HaW$ condensers, a method of sur- 
face condensation ' in which the 
steam is condensed by passing 
through a large number of small 
tubes immersed in cold water. ^ 

Hammers, (marteaux,) of three sizes, 
the largest being called sledge 
hammer; the next Jlogging hammer ; 
and the smallest hand hammer. 

Handle, (manette). 

Hand pump, (pompe a bras,) is fitted 
in the engine room for filling and 
feeding the boilers by hand, for 
washing the decks, extinguishing 
fire, &c. It is always made capable 
of being attached to the engines 
when they are working. 

Heat, heating power, (chaleur, puis- 
sance calonfique). 

Helm, helmsman, (timon,timonier). 

Hemp, (^toupe). 

High-pressure, or more correctly non- 
condensing engines, (machines a 
haute pression,) are those which 
work simply by the excess of the 
pressure of the steam above that of 
the atmosphere. C!ondensing en 
gines, although sometimes using 
** high-pressure" steam, are never 
Cftlled high-pressure engines. 

High-pressure steam, (vapeur a haute 
pression,) is a vague expression de- 
noting steam of a tension above 15 
or 20 lbs. pressure above the atmo- 
sphere. 

Holding-down bolts, are the strong 
screw-bolts employed to fasten the 
foundation plate of the engines to 
the ship's bottom. 
Horse power, nominal, (puissance en 
chevftuz^ force de cheval,) is as- 



sumed eoual to 33,000 lbs. raised 
one foot high in one minute. 

Hot-well, (reservour a eau chaude, la 
citeme.) is the reservoir for the 
water pumped out of the condenser 
by the air pump. 

Hugging is the expression used when 
one vessel is running so close in 
the wake of another as to be 
influenced by the current of dead- 
water following her, in which case 
the two may continue to keep close 
together, although the vessel 
running behind may be, perhaps, 
a mile an hour slower tnan the 
other. 

Hull or shell of a boat, (coque d'un 
bateau). 

Incrustation or scale, (sediment,) is 
the hard coating of salt, lime, and 
other mineral substances which 
collect on the inner surface of 
the plates of a boiler which is not 
regularly and sufficiently "blown 
off." 

Index of a spring balance, (curseur). 

Indicator, (indicateur,) is the little 
instrument employed fur ascer- 
taining the real power, as well as 
the state of efficiency of the in- 
ternal parts, of a steam engine, by 
indicating the actual pressure in 
the cylinder during each stroke, 
and the time and manner in which 
the steam is admitted and shut out 
by the valves. 

Injection, (injection,) is the process 
of admitting a jet of cold water 
from the sea into the condenser, to 
condense the steam as rapidly as 
possible. 

Inside bearings of paddle shaft, (upon 
a bracket bolted to the ship's side,) 
are employed when the wheels are 
"overhung." 

Intermediate shaft is the strong shaft 
crossing the centre line of the 
vessel and connecting the paddle 
shafts ofthe two engines. 

Iron-filinp, (limaille). 

J<nnU, (charnieres, ai'ticulations). 

Journal, (coussinet,) is the neck or 
bearing part of a shaft, upon 
which it turns and by which it is 
supported. 

Junk ring, is a metallic ring confining 
the hemp packing of the piston 
(when such is employed;, andmade 
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capable of being screwed down to 
compress it. 

KeelsoM, (cartingues). 

Key, (clef.) a wedge piece of iron 
used for tightening the brasses of a 
bearing, &c. 

Kinpton's valves, are isonical Talres 
with a screwed spindle, and are 
very genera&y used for closing the 
orifices of the injection and blow- 
off pipes where they pass through 
the ship's side. 

Ktues of irouj (^quenes en fer). 

LaggingsioT the cylinder, &c.,are the 
thin stayes of wood employed in 
*' toothing/' to stop the radiation of 
heat and consequent condensation 
<tfsteanu 

Lap of ike slide valve, see Cover ^ 

Larboard engine, that on the left- 
hand side of the vessel when look- 
ing towards the bow. 

Latent heal, (chaleur latente,) is that 
portion of heat which is iU»8orbed 
<by gases and liquids, in a latent or 
insensible state, during their transi- 
tion from a denser to a rarerform ; 
as when water at 212° changes into 
steam at 212% and when ice at 82* 
changes into water at 32o. 

Lead of the slide valve, (avance du 
tiroir,)i8 the small space which the 
Talve opens to steam at Uie end 
of each stroke, upon the opposite 
side of the piston. It tends to 
i:heck the velocity of the piston at 
the end of the stroke^ and allows of 
the valve being open and ready to 
admit a larger supply of steam the 
instant the motion of the piston is 
reversed. 

Leiid of the crank, ^avance de la 
manlvelle). It is usual in direct- 
acting, and generally in all un- 
balanced engines, to give what is 
called lead to one of the cranks ; 
which implies that the crank of the 
one engine is set a little in advance 
of the right angle to the other; 
namely, at 100° or 110^ ia place of 
90. This assists in rendering the 
motion of the piston more uniform, 
by moderating its velocity at the 
end of the stroke. 

Leather, (cuir). 

Length of stroke, (longueur da coup, 
ou de la course). 



Level, (niveau^ 

Lever, (l^vier). 

Lighter or barge, (gabarre). 

Links are short connecting pieces, 
with a bearing in each end, for 
transmitting motion from one rod 
or lever to anothei. 

Link motion, is an ingenious amuoge- 
ment for working the slides, oy 
which means the travel or stroke of 
the. va]!v« msry be varied at plea- 
sure, «nd expansion given witiiout 
a separate expansion valve being 
required. It also affords great 
facilities for stopping and reveorsiiig 
the engines. 

Log, engine-room, a tabulated sum- 
mary of the perfoimance of the 
engines and boilers, and of the con- 
sumption of coals, taUow, oil, and 
other engineers' stores. 

Ltibricaiort, (godets, ou bottes a 
huile,) are the larger description of 
oil-cups for holding oil and dis* 
tributing it to the working parts of 
the engines^ 

Main icenUre, (goujon central, ) in side- 
lever engines, is the strong shaft 
upon which the side levers vifaorate. 

Mtmkole, (trou d'homme,) is a hcde 
in a bouer or tank, fitted wiih a 
steajn-tight covery through which a 
man may enter for the purpose of 
cleaning and examimng the Interior, 

MetaUic paekvng, (for the piston,) is 
composed of a ring or several rings 
of iron or other njetal, sometimes 
cast so as to possess elasticity in 
themselves, or sometimes cat into 
segments and pressed against the 
interior of the cylinder by springs, 
so as to form a steam-tight contaict. 

MetrCt equals 39*3702 finglish inches. 

MUe, OeographiccU or JfoMtiical, or 
knot, contains 6082*66 feet. 

Mile, British Siatwte, contains 5280 
feet, 1760 yards, or 1609 metres. 

Mile'post, (borne milliaire). 

Mitre-iDheel, has its teeth set at an 
angle of 45° with the spindle, so as 
to transmit the motion to another 
mitre-wheel and shaft ait right 
angles with it. 

MorgarCs feathering paddle wheel, see 
Feathering pciddle wheels. 

Morticed, (assemble a mortaise). 

Mud hole, (orifice de nettoiement,) 

I fitted with steam and water-tight 
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* doon, ihroofch whioh the deposit 
may be remoyed from the boilers. 

MfuUsfs nutal, used for beatings^ kc., 
if formed of 2 parts of ainc^ 8 parts 
copper. 

Kaive of a wheel, (mojen). 

Keck of a shaft, (coa 3sinet d'un arbre,) 
is the jmimai or bearing on which 
it turns and is supported. 

Kim-^<mdefaemg or nigh-ipveuure sn- 
ginee, (macbineB a haute pression,) 
are those in which the principle of 
condensation is not applied, the 
motive power being due solely to 
the excess of the pressure of the 
steam above that of the atmosphere. 

Notch, (encoche). 

Nut, (ecrou). 

Oil-cttpt or /u6rtcator<,(botte8 a huile,) 
are fitted to the seyeral bearings and 
Tubbing surfaces of the engine for 
the purpose of lubricating them to 
dimmish friction. 

OscUUting engines, (machines aux 
cylindres oscillantes,) are those in 
which the cylinders oscillate upon 
hollow axes or trunniaM, through 
which the steam enters the Talve 
casing. By this arrangement, the 
parallel motion and connecting-rod 
are dispensed with, the head of the 
piirton-rod being attached directly 
to the crank'pin. 

OuUide^bearingi to paddle shaft, when 
the shaft runs through to a bearing 
on the spring beams. 

Overhung patkLle wheels, when the 
shaft does not run through to a 
bearing on the spring beams, but is 
supiported by a bracket from the 
ship'gpside. 

Packing for the piston, slide-yalves, 
'&c„ (garniture,) is employed to 
render them 8team*tight, and is 
fonned sometimes of rings of iron 
or other metal pressed outwards by 
springs, (irhen it is called metallic 
packing) ; sometimes by hemp con- 
£ned by a " junk ring " and com- 
pressed by screws (called hemp 
packing) ; and sometimes by rings 
of TuTcanized india rubber and 
other elastic material. 

PaddU'Wheels, paddle boxes, (roues a 
aubes, tambours). 

Paddle boards or fioat boards, (les 



aubes) ; paddU^u^wu, (les lais des 
roues>. 

Parallel motion, (1« parallelognm,) is 
the name giyen to the combination 
of jointed rods usually employed in 
side-leyer engines (and others) for 
preserying the ponJlelism of the 
piston rod. 

Pedestal or plummer block is the sup- 
port for a shaft in motion, holding 
the brasses on which it turns. 

Pet cock or test cock is the name giycn 
to a little cock sometimes fitted at 
the top and bottom of the cylinder 
to allow the escape of water from 
aboye and below the piston, inde- 
pendently of the escctpe yalyes fitted 
for that purpose. They are kent 
open until the engines are fairly 
under weigh, and are then shut. 

Pin, (happe, boulon). 

Pitch of a seretv is the distance between 
the threads, or the distance which 
the screw adyancee during each, 
reyolution when working in a solid. 

Pitch circles are the <»rcles of contact 
of two or more toothed wheels 
working in combination. 

Pitching of a yessel, (plongement). 

Plates, (thin,) (lames, tolles). 

Plug, (bouchon). 

Plummer block, see Pedestal. 

P lunger, '{plongear,) a solid piston 
without yalyes used in the feed and 
bilge pumps, &;c. 

Ports of the cylinder are the short 
steam passages leading from the 
top and bottom of the cylinder to 
the slide-yalye casing. 

Priming or foaming of the boilers 
implies that the water boils over 
into the steam pipes which lead to 
the engines, and is caused by the 
water being dirty, or there being a 
deficiency of steam-room in the 
top of the boilers. 

Priming valves, see Escape valves. 

Radiusof curvature, (rayon de courbe) . 

Radius rods or bars, (la bride du paral- 
lelogram,) are the guiding rods in a 
parallel motion jointed to the con- 
necting links to counteract the 
yibratory motion communicated by 
the side leyers. 

Reciprocating, (altematif ). 

Reefing the paddles, mesJUB disconnect- 
ing the float-boardsfrom the paddle- 
arms, and bolting them again nearer 
the centre of the wheel, m order to 
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diminiBh the dip when the TeBsel is 
deep. This is sometimes done by 
machinery in -what are called 
reefing paddle wheels. 

Refrigerator, is a yessel contidning a 
number of copper tubes through 
which the hot brine passes after 
being ejected from the boiler by 
the brine>pump. The feed water 
is at the same time passed through 
the vessel surrounding the tubes, 
and has its temperature thus raised 
by the waste neat of the brine 
before entering the boiler. 

Reverse or vacuum valves, (soupapes 
de siiret^ int^rieures,) are small 
loaded valves opening inwards, and 
fitted to the boiler to admit air 
when a vacuum is formed by the 
condensation of the steam inside, 
or when the pressure of the steam 
falls to a few pounds below the 
pressure of the atmosphere. 

Reversing gear is the apparatus pro- 
vided for reversing the motion of 
the engine by changing the time of 
action of the slide-valve. This is 
done by bringing the eccentric 
behind in place of in advance of the 
crank. 

Ribi, (tirans). 

Rocking ghaft, the shaft, with levers, 
frequently used for working the 
slide-valves, the notch of the eccen- 
tric rod dropping into a stud fixed 
in one of the levers, and the links 
of the slide-valve spindle being 
attached to the opposite lever on 
the same shaft. 

Rubbing part, (partie frottante). 

Rudder, (gouvemail). 

Rust joints, made by spreading over 
the surfaces to be united a mixture 
of one ounce of sal-ammoniac to one 
pound of cast-iron borings. 

Safety valves, (soupapes de sftret^,) are 
fitted to the Doilers for the escape of 
the steam, before it attains a dan- 
gerous pressure. 

Salinometert (salinom^tre,) is an in- 
strument for measuring the quan- 
tity of salt contained in solution in 
the water of the boiler, by indicat- 
ing either the specific gravity, or 
the temperature at which it boils. 

Scale, (sediment,) is the hard crust of 
salt, lime, &c., which collects upon 
the interior surface of the plates of 



a boiler when proper attention im 
not paid to "blowing off." The 
hammers used for loosening and re* 
moving the scale are called scaling 
hammers. 

Screw t screwed, (vis, viss6). 

Screw bolts, (boulons en vis, boulons 
taraud^s). 

•Seat of the valve, (si^ge de la soupape) . 

Sediment collectors or scale pans, are 
shallow vessels which are sometimes 
fixed in boilers about the level of 
the water, for collecting the parti- 
cles of sediment which are buoy- 
ed up to the surface by bubbles of 
steam, and which would otherwise 
settle at the bottom of the boiler. 

Sensible heat, (in opposition to latent 
heat,) is free caloric, which is sen- 
sible to, or whose presence is indi- 
cated by the thermometer. 

Shaft, (arbre). 

Sheet iron, (tole, fer en feuilles). 

Shovel, (pelle). 

Shrouds for the funnel are the sup- 
porting chains from the deck. 

Side-levers, in side-lever engines, 
(balanciers,) transmit the motion 
of the piston rod from the side-rods 
to the cross tail of the connecting 
rod. 

Sleepers or engine bearers, (traverses). 

Slice, (fourg3n, tisonnier,) is the in- 
strument used for clearing the air 
spaces between the bars of a fur- 
nace, when they become choked 
with clinkers. 

Slide valves, (tiroirs, soupapes a 
tiroir,) are much used for the cy- 
linder steam valves of marine en- 
gines. The two kinds mont com- 
monly found are called " long D " 
and "short U" valves, from the 
form of their cross section; the 
distinction being that in the first 
case the steam enters round the 
outside of the valve, and exhausts 
through it, while, in the second, the 
exhaust takes place alternately 
from the top and bottom of each 
of the t'^o short slides, which are 
strongly joined together by vertical 
rods. 

Slide-casing or jacket (boite des tiroirs) 
is the cast-iron box within which 
the slide valves work. 

Slip of the paddle wheel ar9crew is the 
amount which each i^ips hack in its 
progress through the water, in con-. 
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sequence of the imperfect resistance 
offered by the fluid, and is tlierefore 
equal to the difference between the 
rate of the wheel or screw and that 
of the yessel. 
Smith (forgeron). 

Snwhehox (botte a fum^j,) is the 
soace in a tubular boiler between 
the ends of the tubes and the front 
or back of the boiler. It is fitted 
with doors which remove for the 
purpose of cleaning the tubes with 
tvJ)e-bru8?ies, and remoying ashes 
and soot. 
Smohe-bvmingcipparatusU sometimes 
fitted to boilers with the view of 
effectinjr a more perfect combustion 
of the infiammable gases by intro- 
ducing fresh atmospheric air behind 
the "bridge." 
STiap is a tool used by boiler-makers 
for giyintr the head of the rivet a 
round and 83nQ[imetrical form before 
it cools, but after it has been closed. 
Sni/Hng valve, (soupape reniflante,) 
is the small valve fitted to the con- 
denser, and opening outwards for 
I the escape of the airland steam 

' ejected during the process of "blow- 

ing through.'* 
Socket (socle, crapandine). 
I Solders are alloys of a medium degree 
; of fusibility employed for joininer 

metals together. " Hard solder" 
for brass is formed of 3 parts copper, 
1 part zinc : soft solder for brass, 
of 6 parts brass, 1 part tin. 1 part 
zinc. A common solder for iron, 
copper, or brass consists of nearly 
equal parts of copper and zinc. 

SoZe plate, base plate, or fouiidation 
plate, (plaque du fond.) is the strong 
plate which is bolted on the engine 
bearers, and forms the foundation 
for the engine. 

Spanners are the keys used for screw- 
ing up nuts. 

Spare pear, (pieces de r^change,) are 
carried in Government and other 
steamers to replace any portions of 
the machinery which may be broken 
or injured at sea. 

Speed, (vitesse). 

SpmdU, (axe, verge). 

Split lyvns are those which have a thin 
wedge of steel inserted in the end 
to prevent their falling out. 

Sprmgs, (reports). 

Sprvn{f balance, (balance li ressort,) 



is a spiral-spring weighing balance 
fitted with steam-tight piston, in- 
dex plate, and pointer, for diowing 
the pressure of high steam. 

Spring beams . are wooden beams 
stretched between the ends of pad- 
dle beams to support the bracket for 
the outside bearings of paddle- shaft . 
Square, square foot, (quarr6, pied 
carri) . • 

Sqtiai^ tuck is the fiat surface left at 
the stern of a vessel when the planks 
of the bottom are not worked round 
to the wing transom, but end in 
the fashion>piece. 

Starboard engine is that on the right- 
hand side of the vessel when look- 
ing towards the bow. 

Starting gear, (encliquetage r^gula- 
teur,) for starting the engines, 
comprises a wheel for working the 
slide valves by hand, and at the 
same time bringing the eccentric 
into gear, so as to continue the 
motion of the valves ; a handle to 
open the throttle valve, and ad- 
mit the steam, one to open the 
blow-through valve, and another 
to admit condensing water through 
the injection cock. 

Steam engine, steam boat, (machine a 
vapeur; bateau k vapeur, pyros- 
caph). 

Steam chest, Creservoir pour la vapeur,) 
is the reservoir for steam above the 
water of the boiler. 

Steam room, (espace pour la vapeur.) 
is the capacity for steam over the 
surface of the water in the boiler. 

Steam gauge, mercurial, (manometre 
pour la vapeur,) is employed to 
show the pressure of steam in the 
boiler by marking the height to 
which it will raise a column of 
mercury in a syphon tube. 

Steam-tight, (etanche de vapeur). 

Steam tug, (pjrroscaph remorquant). 

Steel, (acier). 

Steersman, (timonier). 

Stem, (poupe). 

StiU or dead water, (eau morte). 

Stop valves^ or ccmmMnication valves, 
»re fitted in the steam pipes where 
they leave the several boilers, and 
In the connecting pipes between the 
boilers, in such a manner that any 
boiler or boilers may be shut off 
from the others, and from the 
engines. 

M 
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Stops or tnmgs of eccentric, are the 
catches on the eccentric pulley and 
intermediate shaft, for the purpose 
of communicating the motion of 
the shaft, through the eccentric, to 
the slide ralyes, either for going 
ahead or astern. 

Stow goodt, to, (charger des mar- 
chandises). 

Straight line, (ligne droite). 

Strain, (effort). 

Stroke of the piston, ( course dn piston . ^ 

Stt^ffing-box, ( hotte a 6touffe, le collet ) 
is the mechanical arrangement by 
which a rod passes steam-tight 
through the cover of a cylinder or 
air-pump, &c. This is effected by 
the rod being surrounded at that 
place by a packing of hemp or 
gasket, which is compressed by 
means of the collar (with its brttae) 
being screwed tight down upon it 
The stuffing-box is lubricated with 
oil or melted tallow, which is poured 
into the cupped collar surrounding 
the rod. 

Stidcing pump, (pompe aspirante,) is 
one which raises water by exhaust- 
ing the air from the barrel of the 
pump, into which the water is 
forced by the external pressure of 
the atmosphere. 

Suction pipes, (tuyaux a succion, 
sn^oirs) . 

Super-heated steam, is steam whose 
temperature has been raised after 
it has left the water from which it 
was generated. 

SupplerAejaarj/ engine, see Auxiliary 
engine. 

Surcharged steam, is steam which has 
an excess of watery particles held 
in mechanical suspension. 

Syphon oil cups, are those fitted with 
a wick of cotton or worsted hanging 
oyer the edge of a little tube in the 
middle of the cup, the oil rising in 
the wick by capillary attraction, 
and dropping down the tube on to 
the bearing. 

TaUow, oU, (suif, huile). 

Taps and dies are employed for form- 
ing the threads of internal and ex- 
ternal screws. The former is a 
hard steel screw, grooved from end 
to end, so as to present a cutting 
section, and slightly tapered. This 
is turned round, b;r hand« inside the 



nut by means of the tap wrenth. 
Dies are screwed nuts of hnfd. steel, 
grooved in the same way, for 
cutting the threads of bolts. 

TempkUe^ (of a base plate, for in- 
stance,) is a model or gauge of it in 
thin sheet iron or wood, haying the 
bolt holes cut out, and the yarioua 
centres marked, for the purpose of 
transferring them to the hull of the 
vessel. 

Test cocks, see Pet cocks. 

Thread of a screw, (filet d'une vis). 

Tfirotlle valve, (soupape regulateur,) 
is situated in the steam pipe, close 
to the slide valve casing, and is 
used for regulating the flow of 
steam, which in the marine engine 
is done by hand. 

Ton equals 2240 lbs. ; the French 
tonne equals 1000 kilogrammes, or 
2204-86 lbs. avoirdupois. 

Travel of the valves, (course du 
tiroir,) is synonymous with their 
stroke. 

Trunk-engine, is one in which the end 
of the connecting rod is attached 
to the bottom of a hollow trmk 
fitted to the upper side of the 
piston, and alternating with it 
through the interior of the stesm 
cylinder. The trunk itself passes 
steam tight through the cylinder 
cover, by means of a stuffing box. 

Trunnions of oscillating cylinders, are 
the hollow axes upon which they 
vibrate, and through which the 
steam passes into the belt which 
leads round the exterior of the 
cylinder to the valve casing. 

Tubular hoilers^ are those in which the 
flame and hot gases, after leaving 
the furnaces, pass through a g^iX 
number of small iron or brass tubes 
surrounded with water. 

Tube plugs, formed of hard wood, are 
used for driving into the two ends 
of a tube that has been burst bj 
the pressure of the steam, as a 
temporary remedy until a new tube 
can oe put in. 

Tug, or towing boat, (remorqueur). 

Two-way cock, (robinet a deux eaux). 

Uptake, is the name given to the 
flue of a boiler into which the 
others are gathered at the end of 
their course, and thus takoi up into 
the foot of the chimney. 
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Vacmbm gauge or barometer, is fitted 
to the condenser to show the 
▼acQum. 

VcKwam pim/p, is sometimes fitted to 
the boilers for the purpose of fiUinK 
them aboye the leyel of the sea, by 
withdrawing the air from the inside 
of the boiler, when the water will 
of course rise by the atmospheric 
pressure outside. 

Vcuyuwm vfdves, see Beverae valves. 

Valves, (yalyules, soupapes, clapets, 
tiroirs). 

Valve oaeing, (boite du tiroir, botte a 
yapeur,) is the cast-iron chest en- 
closing the slides. 

Valve-gearing, (armature du tiroir). 

Velocity, (yitesse). 

Wages, (gages, salaire ). 
Washers, are the round pieces of thin 
iron or brass interposed between the 



nut of a bolt, and the surface upon 
which it is screwed down. 

Wuste-steam pipe leads from the valve 
che!>t on the top of the boilers, to 
carry off the steam escaping through 
the safety yalyes. 

Waste-vfaterpipe, see Discharge pipe. 

Water gauges, namely, glass toater 
gauge and the broM gauge cocks, 
are attached to«the front of the 
boiler for showing the leyel of the 
water. 

Water-tight, (etanohe d'eau). 

Wear, (usure). 

Wedge, (coin). 

Weigh-chajt, is the rocking shaft used 
in urorking the slide yalyes by the 
eccentric. 

Worm wheel, is a wheel with teeth, 
formed to fit into the spiral spaces 
of a screw, so that the wheel may be 
turned by the screw, or vice versd. 
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